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REPORT  ON  THE  COCA  ALKALOIDS. 


OuB  Present  Knowledge  of  the  Alkaloids  found 

IN  Coca. 

Since  the  leaves  of  the  coca  plant  have  been  worked  on  a  large 
scale  for  the  extraction  of  cocaine,  it  has  become  apparent  that 
there  is  obtained  from  them,  besides  cocaine  a  considerable  quan- 
tity of  amorphous  substance  having  the  easily  recognised  chemical 
reacti^3n3  of  alkaloids.  The  end  result  o  treating  the  leaves  is 
usuallv  a  mixture  of  cocaine  with  more  or  less  amorphous  material, 
but  as  cocaine  and  its  salts  crystallise  readily  from  many  menstrua, 
while  the  other  substances  do  not,  a  separation  can  thus  be 
effected,  and  by  repeated  crystallisation  from  alcohol  pure  cocaine 
salts  may  be  easily  enough  obtained.  ,  ,  ■ 

The  accompanying  amorphous  material  got  by  different  manu- 
facturers varies  greatly  in  quantity,  composition,  and  appearance, 
owincy  -nrobably  to  differences  in  the  proce^^s  employed  and  in  the 
amount  and  nature  of  the  alkaloids  originally  present  m  the 
leaves  There  has  been  great  di\  ergence  of  opinion  regarding  its 
exact  composition,  but  it  now  seems  probable  that  the  specimens 
examined  by  the  various  observers  were  by  no  means  identical. 
Some  of  them  consisted  almost  entirely  of  crystallisable  cocaine 
mLxed  with  hygrine  and  other  bodies,  being  thereby  prevented 
from  crystallising;'  while  others  were  a  mixture  of  alkaloids,^ 
prevented  from  crystallising  by  the  presence  of  impurities.  The 
amorphous  substance  consists  largely  of.  a  single  alkaloid,  which 
has  been  named  isatropylcocaine  by  Liebermann,'^  and  has  been 
very  fully  described  by  him.  Hesse  described  two  new  bases 
under  the  names  cocaidine*  and  cocamine,'  but  he  is  now  of 
opinion  that  cocaidine  is  a  mixture,  and  that  cocamme  is  identical 
with  isatropylcocaine.^  Lately,  Einhorn'  has  signalised  the 
discovery  of  another  alkaloid,  but  very  little  is  as  yet  known 
about  it.  

1  Stockman,  Pharm.  Journ.  and  Trans.,  xvii,  (3),  861. 1887. 
2  Lyons,  Amer.  Journ.  of  Pharmacy,  October  17th,  1885. 
S  Liebermann,  Ber.  d.  deuUcli.  cliem.  GeselUch.,  xxi,  2342,  1888, 
*  Hesse,  Pharm.  Jour,  and  Tram.,  xviii,  (3),  437,  1887. 
5  Hesse,  Ibid,  71. 
»  Hesse,  Berichte,  xxii,  665,  1889, 
»  Einhom,  Berichte,  xxii,  339,  1889. 
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With  our  present  knowledge,  the  total  quantity  of  alkaloids, 
other  than  cocaine,  in  the  leaves  can  only  be  roughly  estimated, 
but  it  is,  relatively  speaking,  very  considerable,  and  must  have  a 
marked  effect  in  determining  the  action  of  coca.  In  attempting 
an  estimation  we  have,  however,  some  data  to  go  by.  Owing  to 
the  deterioration  in  quality  which  the  leaves  suffer  in  transit, 
there  is  now  made  in  South  America  a  large  quantity  ot  crude 
cocaine,"  this  being  a  mixture  of  all  the  alkaloids  which  can  be 
extracted.  It  is  a  perfectly  white  amorphous  powder,  often  in 
masses,  has  a  tobacco-like  odour,  and  yields  crystalline  cocaine 
when  treated  with  proper  solvents.  Dr.  Squibb  inf  orms  me  that 
the  mixed  product  from  the  Truxillo  leaf  is  considered  to  yield 
about  50  per  cent,  crystallisable  cocaine,  while  that  from  tne 
Huanaco  leaf  yields  about  75  per  cent.  In  a  sample  examined 
by  Dr.  PauP  42  per  cent,  only  was  present.  The  amorphous 
alkaloids  are  thus  seen  to  vary  from  25  to  58  per  cent,  of  the  total 
alkaloids  obtainable  from  coca.  In  any  case  they  must  be  an  im- 
portant constituent,  for  if  we  take  the  amount  of  cocaine  in  tne 
leaves  as,  roughly  speaking,  0.5  per  cent.,  then  their  proportion 
will  be  about  from  0.2  to  0.6  per  cent.  Hesse  states  that  in  one 
variety  of  leaf  there  is  0.6  per  cent,  cocamine  (isatropylcocaine) 
and  that  the  amorphous  alkaloids  vary  in  amount  and  nature  ac- 
cording to  the  leaves  from  which  they  are  derived.^  As  we  shall  see 
later  on,  cocamine  has  a  very  definite  physiological  action,  and  its 
presence  is  doubtless  of  great  importance  to  the  coca  chewer. 

The  substances,  some  of  the  actions  of  which  I  propose  to 
describe  in  this  paper,  are  ecgonine,  benzoylecgonine,  cocaine, 
and  cocamine,  while  I  have  added  a  short  note  on  hygrine. 
All  of  them  do  not  exist  ready  formed  in  the  leaves.  Ecgonine 
probably  never  does  so,  and  benzoylecgonine  only  when  (owing  to 
bad  drying  and  heating)  it  has  become  formed  from  the  decom- 
position of  cocaine.  Cocaine  and  cocamine  can  readily  be  ex- 
tracted from  the  leaves,  while  hygrine  seems  to  be  a  decomposi- 
tion product.  A  closer  study  and  more  prolonged  experience  ot 
coca  cultivation  will  be  necessary  before  our  knowledge  on  many 
chemical  and  economic  points  can  be  regarded  as  anything  like 
complete.   As  yet  hardly  a  beginning  has  been  made. 

Ecgonine  is  the  basis  of  all  the  above  alkaloids  (except  hygrine, 
probably),  and  chemically  they  are  to  be  regarded  as  ethers  ot 
eccTonine.  As  there  is  now  a  considerable  degree  of  certainty 
about  the  chemical  constitution  of  these  bodies,  it  may  be  ot  in- 
terest to  go  into  this  in  detail,  more  especially  as  the  subject  is 
one  well  fitted  to  illustrate  the  present  state  of  our  knowledge 
regarding  the  chemistry  of  some  of  the  more  successfully  investi- 
gated alkaloids.  Before  doing  so,  however,  I  wish  to  express  my 
iense  of  indebtedness  to  Dr.  Hesse  (Feuerbach),  Dr.  E.  R.  Sqmbb 
(Brooklyn),  Professor  Crum  Brown,  and  Messrs.  Hopkins  and  Wil- 
liams, for  the  assistance  which  they  have  afforded  me  in  carrying 

on  this  investigation. 

Chemistry  of  Ecgonine  and  its  Derivates. 
I  Ecffonme.-Ecgonine  is  an  alkaloid  having  the  formula 
C  H  NO  and  crystallises  with  one  molecule  of  water  in  colourless 
glassV  prisms,  its  taste  is  feebly  bitter  sweet ;  it  is  very  solub  e 
fn  water,  less  so  in  absolute  alcohol,  and  insoluble  in  ether.  The 
reaction  is  neutral,  it  forms  crystalline  salts  with  acids,  and  is 
not  precipitated  from  a  watery  solution  by  caustic  alkalies.   It  is 


8  Paul  Pharm.  Journ.  and  Trans.,  March  17th,  1888. 
9  Lieberraanu,  Einhorn,  Hesse,  Berichte,  loc.  cit. 


3 


obtained  from  cocaine  by  heating  the  latter  with  strong 
bases,  when  it  decomposes  into  ecgonine,  methylic  alec 

1  •  -  __'iin 


As  alkaloids  are  substituted  ammonias,  we  must  consider  the 
hypothetical  body  C5H5  in  pyridine  as  a  triatomic  radical,  taking 
the  place  of  the  three  hydrogen  atoms  in  ammonia  (N-C5H5).  The 
nitrogen  and  carbon  atoms  in  pyridine  are  all  ready  to  form 
addition  compounds  by  simply  adding  on  new  bodies,  while  the 
hydrogen  atoms  can  be  easily  replaced,  and  thus  substitution  com- 
pounds formed.  The  added  and  substituting  bodies  themselves 
may  contain  replaceable  hydrogen,  and  this  further  increases  the 
possibility  of  enlarging  the  molecule.  By  simply  glancing  at  the 
pyridine  ring  one  can  see  how  numerous  and  complex  are  the 
bodies  which  may  be  thus  formed  from  it.  It  has  been  shown" 


10  Lessen,  Liebig's  Annalen,  cxxxiii,  351,  1865. 
11  Calmels  and  Gossin,  Comptes  Rend.   100,  1143,1885;  C.  B.  Merck,  Ber.  d. 
deutsch.  chem,  Gesellsch,  xix,  302, 1885;  Einhorn,  ibid.,  xii,  1221,  1887. 


may  be  represented  thus : 


Benzol  C^Hc 


C 
H 


H 
C 


Pyridine  C5H5N 


N 
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that  ecgonine,  wliich  is  known  to  be  the  basis  of  all  the  coca 
alkaloids  (except  hygrine),  is  methyl-tetrahydropyridyl— ^-oxy- 
propionic  acid,  and  has  the  following  chemical  constitution, 
Tetrahydropyridine  is  pyridine  plus  four  atoms  of  hydrogen 
(CjHjN.Hi),  each  attached  at  different  points  of  the  ring;  while 
methyl-tetrahydropyridine  is  the  same  body  with  one  of  its  hydro- 
gen atoms  replaced  by  methyl  (CH3),  and  may  be  written : 


Into  the  molecule  of  methyl-tetrahydropyridine  there  has  been 
introduced  j3-oxypropionic  acid  C^^S^z  (CHo.  OH.  CHg.  COOH), 
each  body  losing  one  atom  of  hydrogen  in  the  process.  This  gives 
U3  ecgonine  (C9H15NO3),  which  may  be  represented  thus : 


orCHg   -   N=C,H,    -    CHOH=CH -COOH. 
methyl   tetrahydropyridyl   /3-oxypropionic  acid 

II.  Benzoylecgonine.—Berizoy\ecgoma.Q  (CigHigNOJ  can  be 
formed  readily  from  cocaine  or  its  salts  by  simply  heating  them 


12  Skraup,  Mmatshefte  f.  Chemie,  556,  1885;  W.  Merck.  Ber.  d.  deutsch.  chem. 
Gesellsch,  xviii,  1954.  1885 ;  Paul,  Phar.  Journ.  and  Trans.,  Oct.,  1885  ;  Binhora, 
Berichte,  xxi.  47.  1888. 


N 


CH3 


N 


CH3 


with  water.  It  crystallises  with  four  molecules  of  water,  is 
fairly  soluble,  and  is  not  precipitated  from  its  watery  solution  oy 
alkalies.  On  heating  with  strong  hydrochloric  acid  it  yieiaa 
ecgonine  and  benzoic  acid.  Structurally  it  is  ecgonme  in  wiiicn 
one  H  atom  has  been  replaced  by  the  acid  radical  benzoya 
(OC.  C«H,).  The  substituted  hydrogen  atom-is  not  in  the  pyridine 
nucleus,  but  in  the  j8-oxypropionic  acid.  The  formula  is  therefore 
CH,  -  N=C5l<  -  CH.  0  (OC.  CJIg).  CH.,  COOH. 
methyl  tetrahydropyridyl  benzoyl-^-oxy  propionic  acid 
III.  Cocame.-Cocaiue  (C\,H,iNO,)  and  its  salts  are  in  well-formed 
crystals,  the  salts  being  very  soluble  in  water,  the  base  slightly  so. 
It  is  precipitated  from  watery  solution  by  caustic-hxed  alkalies, 
and  by  ammonia,  the  precipitate  being  soluble  m  excess,  but  re- 
formin<y  after  a  few  minutes  in  the  case  of  ammonia.  It  is  a 
very  unstable  body,  and  readily  decomposes  when  simply  heated 
with  water  as  follows ; 


C 


nH^iNO, 


+  H,0  =  C„H,„NO,_     +  CHiO 


benzoylecgonine   methyl  alcohol 
When  heated  with  acids  or  alkalies  the  decomposition  is  more 
complete 


C,,H2iN0,  + 


2H2O 


=  C 


■oHx.NOa 

ecgonine 


+    C,H,0,    +  CH,0 


benzoic  acid 


methyl 
alcohol 

Cocaine  is  thus  methyl-benzoyl-ecgonine,  or  ecgonine  in  which 
two  H  atoms  have  been  replaced  respectively  by  the  alkyl-radical 
methyl  and  the  acid-radical  benzoyl.  Both  of  them  are  introduced 
into  the  )8-oxypropionic  acid.   The  formula  is  therefore 

benzoyl  methyl 

—   CHO  CaC^g  .  CH2  .  COOCH3  _ 
methyl-benzoyl-j8-oxypropionic  acid 
following  structure  as  the  most  prob- 


CH3   —  N   =  C5H, 
methyl  tetrahydropyridyl 
Einhom^'^  assigns  the 
able: 


C„H,,NO,= 


CH— CH.  O  (CO.C.  Ho) 
CH.2  C00(CH3) 


Cocaine  has  been  prepared  synthetically  from  benzoylecgonine^* 
and  from  ecgonine,^^  while  a  number  of  its  homologues  have  also 
been  made  and  described.    Bthylbenzoylecgonine  (Ck-Hi^  (C2H5) 


13  Einhorn,  BerirMe,  xxi,  3029,  1888' 
1*  Skraup,  loc.  cit. ;   Einhorn,  Bcrichte,  xxi,  47,  1888 ;  W.  Merck,  Berichte, 

xviii,  2261, 1888. 

1?  W.  Merck,  Berichte,  xviii,  2952,  1885 ;  Liebermann  and  Giesel,  Berichte,  xxi, 
3196,  1888;  Einhorn  and  Klein,  Berichte.  xxi,  3335. 


6 


NO.,)  has  been  prepared  by  Merck  and  by  Novy  ^^  while  the 
latter  has  also  formed  monobromethylbenzoylecgonine  (CmHi" 
(C.,H,Br)  NO,),  propylbenzoylecgonine  (C,(;H,^  (C3H7)  NO.,),  and 
isobutylbenzoylecgonine  (Omll,^  (O4H,,)  NO^).  We  have  also 
methylcinnamylecgonine,^**  methylisovalerylecgonine,^'*  methyl- 
phenylacetylecgonme,^"  and  methylanisylecgonine.-"  The  actions 
of  these  bodies  have  not  been  fully  investigated,  but  they  are 
said  to  resemble  cocaine  closely,  and  to  be  powerful  local 
anaesthetics. 

IV.  Cocamine  {Isatropylcocaine  TrMO-iWrn).— Isatropylcocaine 
(C13H23NOJ  is  identical  with  Hesse's  cocamine,  and  has  been 
most  fully  described  by  Liebermann.'^^  It  is  obtained  from  the 
amorphous  substance  got  as  a  by-product  in  the  manufacture  of 
cocaine  from  the  truxillo  leaf.  On  heating  in  a  sealed  tube  with 
hydrochloric  acid  it  splits  up  thus : 

Ci9H23NO.i+2H20=C9H„N03  +  CgH^O^  +  CH^O 

ecgonine  isatropic  acid    methyl  alcohol. 

Liebermann  obtained  two  isatropic  acids,  which  he  calls  7  and  5 
respectively.  They  are  isomeric  with  a-  and  i8-isatropic  acids, 
and  also  with  tropic  and  cinnamic  acids,  but  differ  from  them  in' 
chemical  properties.''^^  Isatropylcocaine  is  therefore  a  body  con- 
stituted in  the  same  way  as  cocaine,  but  in  which  the  radical  of 
isatropic  acid  is  present  instead  of  the  radical  of  benzoic  acid ;  it 
is  methylisatropylecgonine  (methyltruxillylecgonine). 

The  specimens  which  were  used  in  my  experiments  I  obtained 
from  Dr.  Hesse  and  from  Dr.  Squibb's  residues  (No.  3)  by 
purification.  The  amorphous  mass  was  dissolved  in  acid  water, 
washed  with  ether,  treated  with  animal  charcoal,  and  then  pre- 
cipitated with  caustic  potash.  Only  the  middle  fraction  was 
used,  so  as  to  obtain  a  homogeneous  body,  and  this  was  further 
purified  by  frequent  solution  and  precipitation.  To  make  sure 
that  it  could  contain  no  cocaine,  it  was  digested  for  twenty-four 
hours  with  solution  of  caustic  potash,  and  then  filtered.  The 
caustic  potash  would  dissolve  up  any  cocaine  readily,  while 
cocaine  is  only  somewhat  soluble  in  it.  It  was  then  washed 
with  water,  dissolved  in  very  weak  hydrochloric  acid,  and 
precipitated  with  ammonia.  After  being  collected  on  a  filter, 
washed  and  dried,  it  forms  a  pure  white  non-crystalline  powder. 
Its  solution  in  acids  rapidly  becomes  yellow  in  colour,  and  it  does 
not  disappear  readily  when  heated  with  water,  as  cocaine  does. 
After  several  days  heating  in  the  waterbath,  it  slowly  disappears, 
forming  a  slightly  brown  solution,  from  which  it  can  be  again 
precipitated  by  alkalies.  Cocaine  has  been  prepared  artificially 
from  ecgonine,  y-isatropic  acid,  and  methylic  alcohol.^* 

Physiological  Action  of  the  Alkaloids. 
I.  Ecgonine. — The  ecgonine  was  obtained  from  Merck,  or  pre- 
pared  by  myself  from    cocaine,    benzoylecgonine,  and  the 

16  W.  Merck,  Berichte,  xviii,  2952. 
17  Novy.  Phar.  J.  and  Trans.,  xviii,  [3]  233,  1887. 
18  Liebermann,  Berichte,  xxi,  3372. 
19  Einhorn  and  Klein,  loc.  cit. 
20  Liebermann,  Berichte,  xxii,  130,  1889. 
21  There  is  some  uncertainty  regarding  the  name  by  which  this  base  is  to  bo 
known.   Recently  Liebermann  (Berichte,  xxii,  782,  1889)  has  altered  its  name  to 
truxillin,  while  the  acids  derived  from  it  he  calls  a-,  p-,  and  7-truxillic  acids. 
Under  the  circumstances,  it  seems  most  advisable  to  retain  the  name  cocamine 
originally  given  to  it  by  Hesse. 

22  See  Liebermann,  Berichte  xxii,  124, 1889. 
*'  For  Squibb's  method  of  obtaining  cocaine  and  the  amorphous  residues  see 

Ephemeris  iii,  1101,  1888. 
24  Liebermann,  Berichte  xxii,  130.  1889 
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amorphous  residues.  It  is  necessary  to  use  tlie  base  itself 
(Cj,Hi,N03.  H,0),  as  the  hydrochlorate  remains  extremely  acid, 
even  after  washing  with  ether  and  heating  to  120°  C.  for  some 
hours. 

J^ro^s.— Ecgonine  is  not  a  powerfully  acting  substance,  so  much 
80,  that  unless  large  amounts  are  given,  the  fact  that  it  has  any 
action  at  all  may  be  entirely  overlooked.  In  cats  and  rabbits  very 
large  doses  have  no  apparent  effects,  so  that  I  have  been  able  to  in- 
vestigate its  action  on  frogs  only.  In  the  latter  animal  the  central 
nervous  and  muscular  systems  are  the  parts  chiefly  affected.  As 
regards  dosage,  0.05  gramme  must  be  considered  a  small  dose  for 
a  frog,  while  0.5  gramme  was  the  largest  which  I  administered, 
and  it  did  not  prove  fatal.  In  one  case,  however,  0.2  gramme  and 
in  another  0.3  gramme  was  lethal.  When  0.05  gramme  is  given  to 
a  frog,  subcutaneously  or  by  the  mouth,  the  only  symptom  is  a 
slight  increase  in  the  reflexes,  occurring  generally  about  an  hour 
after  administration  and  lasting  for  a  few  days.  With  larger 
doses  there  are  seen  at  first  dulness,  lethargy,  and  inco-ordination 
of  movement,  but  only  to  a  trifling  extent,  as  the  animal  can 
easily  be  roused  up,  and  jumps  quite  well  when  irritated.  These 
symptoms  are  undoubtedly  due  to  slight  depression  of  the  brain 
and  spinal  cord  ;  their  duration  is  variable,  but  they  seldom  last 
longer  than  a  few  hours,  and  often  before  they  have  worn  off  a 
well-marked  increase  in  the  spinal  reflex  excitability  is  observed. 
This  increase  is  often  greatest  on  the  second  or  third  day,  and 
lasts  usually  for  many  days,  being  a  very  much  more  prominent 
symptom  than  the  depression,  which  can  easily  be  overlooked 
after  a  moderate  dose. 

At  the  place  of  injection  (if  the  ecgonine  be  given  subcutane- 
ously) the  muscles  gradually  become  considerably  diminished  in 
electric  irritability,  but  in  very  few  cases,  and  then  only  after  the 
lapse  of  some  days,  are  they  quite  irresponsive  to  stimulation.  If 
the  poison  be  given  per  os,  the  spinal  symptoms  come  on  rapidly, 
while  the  muscles  throughout  the  body  are  more  equally  affected, 
those  which  receive  the  largest  blood-supply  being  most  deeply 
poisoned.  In  different  frogs,  even  of  the  same  species,  there 
seems  to  be  a  considerable  diversity  in  the  rate  and  amount  of 
the  absorption  of  ecgonine  by  the  muscles,  which  probably  ac- 
counts for  the  supervention  of  increased  reflex  excitability  being 
later  in  some  cases  than  in  others.  The  muscles  pass  into  a  con- 
dition of  rigor  mortis,  and  in  doing  so  sometimes  contract  so 
much  as  to  alter  the  normal  attitude  of  the  animal.  For  example, 
if  the  ecgonine  have  been  injected  under  the  skin  of  the  back,  the 
contraction  of  the  dorsal  extensor  muscles  may  gradually  bend 
round  the  spinal  column  until  the  back  forms  a  deep  concavity,  the 
attitude  of  the  frog  being  so  changed  that  it  can  no  longer  jump. 

The  reason  for  the  long  persistence  and  comparative  mild- 
ness of  the  spinal  reflex  increase  probably  is  that  the  muscles 
absorb  the  poison,  and  only  slowly  give  it  out  again  to  enter 
the  circulation  and  act  on  the  cord ;  for,  if  the  spinal  cord  te 
exposed  and  a  few  drops  of  a  watery  solution  of  ecgonine  be 
applied  to  it,  the  increased  reflex  comes  on  in  about  half  an  hour, 
and  may  amount  to  tetanus.  When  administered  in  any  other 
way  than  by  direct  application  to  the  cord  tetanus  is  never 
observed,  this  seeming  to  prove  that  ordinarily  the  poison  reaches 
the  cord  only  in  small  quantity.  In  such  cases  the  tetanus  is 
accompanied  by  a  great  tendency  to  exhaustion  (see  experi- 
ment VI).  These  questions  will  be  discussed  at  more  length 
later  on,  as  they  are  common  to  all  the  substances  under  investi- 
gation. 
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In  the  fatal  cases  the  heart  was  found  stopped  in  diastole 
and  very  dilated.  Death  occurred  only  after  many  days,  appa- 
rently from  stoppage  of  the  heart  and  extension  of  the  rigor  to  a 
large  number  of  muscles. 

Eegonine  appears  to  have  no  marked,  if  any,  local  anaesthetic 
action,  as  a  20  per  cent,  solution  applied  to  the  eye  of  a  cat  and 
to  my  own  tongue  did  not  diminish  sensibility. 

When  the  alkaloid  is  given  subcutaneously  or  by  the 
mouth,  the  motor  nerves  are  not  appreciably  affected.  If,  how- 
ever, eegonine  dissolved  in  water  (0.15  in  0.6  cubic  centimetres), 
be  injected  directly  into  one  iliac  artery,  the  sciatic  nerve  of  the 
same  side  gradually  becomes  depressed,  and  in  about  eighteen 
hours  is  quite  inexcitable  to  electric  stimulation.  The  muscles 
of  the  same  leg  also  lose  their  excitability,  but  not  so  rapidly. 

Mammalia— In  a  rabbit  2  grammes  and  in  a  kitten  (IJ  kilo- 
grammes) 2  and  6  grammes  had  no  effect  (subcutaneously)  beyond 
very  slight  transient  excitement  and  dilatation  of  the  pupils. 

In  conclusion,  there  can  be  no  doubt  that  eegonine  has  a  slightly 
different  action  on  the  two  species  of  frog— rana  temporaria  and 
rana  esculenta— when  given  in  the  same  dose  to  frogs  of  the  same 
size  ;  the  difference  is  more  apparent  than  real,  however,  and  de- 
pends entirely  on  the  amount  given.  A  dose  which,  in  the  former, 
depresses  the  spinal  cord  and  visibly  poisons  the  muscles,  ca,uses 
in  the  latter  only  an  increase  in  the  reflexes,  but  with  a  consider- 
ably larger  dose  we  get  here  also  the  symptoms  of  depression.  In 
rana  temporaria  also  smaller  doses  cause  death.  To  illustrate  this 
and  other  points,  I  give  at  length  a  number  of  the  experiments. 

Experiment  i.— Rana  temporaria,  28  grammes.  12.8.  0.1  eego- 
nine (Merck's)  in  |  cubic  centimetre  water  under  skin  of  back. 
12  20.  There  has  been  no  change.  12.60.  Is  slightly  sluggish,  but 
lumps  quite  well.  1.10.  Sluggish,  will  lie  on  back  if  very  gently 
turned  over ;  slight  but  well  marked  increase  in  reflexes  ;  jumps 
are  vigorous,  but  movements  not  exactly  co-ordinated.  1.35.  Lies 
with  head  down  on  table,  but  if  stimulated  jumps  quite  well,_  al- 
though not  very  precisely ;  reflexes  increased.  4.10.  Has  remained 
pretty  much  in  same  condition.  . 

Second  day.  Reflexes  more  exaggerated ;  if  frog  be  stroked,  it 
draws  itself  together  spasmodically. 

Third  to  eighth  day.  The  increase  in  reflexes  is  still  present ; 
frog  very  unwilling  to  jump,  as  it  gets  a  shock  on  landing. 

Ninth  to  fifteenth  day.  The  increased  reflex  gradually  wore  off, 
until  on  the  fifteenth  day  it  was  barely  perceptible  ;  the  frog  was 
then  killed,  and  all  its  muscles  found  to  be  quite  excitable. 

Experiment  ii.— Rana  temporaria,  32  grammes.  12,0.  0.2  eego- 
nine (Merck's)  in  |  cubic  centimetre  water  under  skin  of  back. 
12.15.  Rather  duller;  jumps  well  but  heavily.  1.15.  About  same. 
3.45.  The  reflexes  are  now  increased.  ^ 

Second  day.  Reflexes  slightly  increased ;  in  the  evening  they 
were  greatly  increased,  and  the  frog  was  active  and  lively. 

Fourth  day.  Reflexes  increased ;  active  and  jumps  well ;  back 
is  slightly  arched  concavely.  _  ^    ,  ^  , 

Fifth  to  eighth  day.  Reflexes  remained  increased,  while  the  back 
gradually  got  more  and  more  arched. 

Ninth  to  tenth  day.  Reflexes  increased  ;  back  so  much  curved 
that  head  is  pulled  upwards  and  backwards,  and  the  frog  rests 
on  its  belly ;  its  position  is  so  altered  that  it  cannot  jump. 

Eleventh  day.  Died ;  muscles  of  back  do  not  contract  to  strong 
electric  current ;  the  other  muscles  contract  well  at  80  millimetres 
(Du  Bois  induction  apparatus);  motor  nerves  quite  excitable; 
heart  in  diastole,  and  does  not  contract  to  electric  stimulation. 
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Experiment  iii.— Rana  esculenta,  47  grammes.  11.35.  0.2  ecgo- 
nine  (Merck's)  in  f  cubic  centimetre  water  under  skin  of  back. 
11.42.  Slight  increase  in  reflexes;  jumps  well  and  actively.  11.4b. 
Reflex  increase  is  now  very  distinct,  but  not  great.  3.0.  Has  been 
same  ;  very  active  and  lively,  and  slight  increase  in  reflexes. 

Second  to  ninth  day.  There  was  a  very  slight  increase  in  re- 
flexes, which  gradually  passed  off. 

Experiment  iv.— Rana  esculenta,  42  grammes.  2.22.  0.5  ecgo- 
nine  (from  pure  cocaine)  in  1  cubic  centimetre  water  under  skm 
of  back;  jumped  about  actively  for  a  few  minutes.  2.26.  Dis- 
tinctly less  active.  2.30.  Duller,  and  lets  its  legs  lie  out  behind, 
but  if  stimulated  jumps  quite  well ;  reflexes  slightly  diminished. 
3.0.  Dull  and  disinclined  to  move,  but  will  not  lie  on  back ;  jumps 
well  if  disturbed.   5.30.  Dull,  but  reflexes  are  now  exaggerated. 

Second  to  third  day.  Dull  and  very  unwilling  to  move,  but  there 
is  marked  increase  iii  reflexes ;  when  irritated  jumps,  but  rather 
heavily  and  clumsily,  and  the  effort  is  followed  by  exhaustion. 

Fourth  day.  Dulness  passed  off.  There  is  great  increase  in  re- 
flexes, almost  to  tetanus ;  pupils  small. 

Fifth  to  ninth  day.  Increase  in  reflexes  gradually  diminished. 

Twelfth  day.  Increase  now  scarcely  noticeable. 

Eighteenth  day.  Still  alive  and  well. 

Experiment  v.— Rana  temporaria,  35  grammes.  1.30.  0.3  ecgo- 
nine  (from  cocamine)  per  os.  1.35.  Slight  increase  in  re- 
flexes. 1.45.  Reflexes  considerably  increased ;  pupils  dilated ; 
jumps  well.  2.30.  Gives  marked  start  on  slight  stimulation.' 
5.10.  Increased  reflex  now  almost  amounts  to  tetanus. 

Second  day.  Reflexes  greatly  exaggerated  ;  pupils  large. 

Third  to  fourth  day.  Reflexes  remain  increased,  but  the  muscles 
are  deeply  affected,  and  frog  is  getting  much  weaker. 

Fifth  day.  Reflexes  still  exaggerated,  but  very  feeble  in  its 
movements. 

Sixth  day.  Died;  muscles  of  abdomen  and  anterior  part  of  back 
are  non-excitable  to  electricity,  those  of  posterior  part  of  back, 
thighs,  and  legs  contract  very  faintly  to  a  strong  current ;  sciatic 
nerves  give,  on  stimulation,  no  muscular  contraction ;  heart  in 
diastole. 

Experiment  vi. — Rana  temporaria  ;  spinal  cord  exposed.  12.36. 
Few  drops  sol.  ecgonine  (Merck)  on  cord.  1.0.  Slight  increase  in 
reflexes ;  there  has  been  very  slight  diminution.  2.0.  Greatly  in- 
creased reflex.  3.0.  Reflexes  much  greater ;  gives  a  violent  spas- 
modic stretch  when  stimulated.  3.45.  Has  now  tetanus.  5.30. 
Much  exhausted ;  lying  flaccid ;  when  stimulated  gives  only  a  spas- 
modic twitch. 

Second  day.  Sitting  up  ;  reflexes  increased ;  much  recovered. 
Third  day.  Reflexes  still  very  greatly  increased ;  killed. 

Benzoylecgonine. — For  a  full  description  of  the  action  of 
benzoylecgonine  I  must  refer  the  reader  to  a  former  paper,^® 
where  it  is  given  at  length ;  here  I  can  only  embody  a  short  sum- 
mary of  the  results  obtained.  When  0.003  to  0.004  gramme  is  ad- 
ministered subcutaneously  to  a  frog,  the  only  symptoms  observed 
are  slight  muscular  stiffness,  and  on  the  third  or  fourth  day  a 
slight  increase  in  the  reflex  excitability.  With  0.006  to  0.02  gramme 
there  ensue,  in  about  half-an-hour,  muscular  stiffness  and  great 
disinclination  to  move  about,  while  the  gait  is  walking,  or  toad- 
like. This  is  followed  in  18  to  24  hours  by  a  great  increase  in  the 
reflexes,  amounting  to  tetanus  in  many  cases,  and  lasting  for 
several  days.   The  muscles  in  the  immediate  neighbourhood  of  the 


2f  stockman,  Journ.  Anat.and  Physiol,,  xxi,  46, 1886. 
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Dlace  of  iniection  gradually  pass  into  a  condition  of  "go/  mortis, 
S  is  usually  complete  at"^  the  end  of  the  first  day,  while  those 
at  a  distance  are  unaffected,  or  only  very  slightly  ^^^Pajf^d  m  ex- 
citability:  0.03  gramme  is  a  fatal  dose,  and  may  ^^use  ^^at^^^^^^^ 
out  any  spinal  symptoms  from  rapid  paralysis  of  .^he  heart  an^^ 
voluntiry  muscles.   The  action  of  benzoylecgomne  is  v  er j  similar 
therefore,  to  that  of  caffeine,  the  muscular  and  central  n^^^^^^ 
systems  being  primarily  and  chiefly  affected,  T^^ile  the  heart  is 
involved  much  less  markedly,  and  the  peripheral  nerves  not  a^^ 
Direct  application  of  benzoylecgonme  solution  to  the  spina^  ^ora 
causes  tetanus  in  a  very  short  time,  and  hence  tj  ^conclusKm  i^^^^^ 
be  drawn  that  the  late  supervention  of  spinal  ^^P^fJ^^™^^ 
subcutaneous  injection  is  due.to  the  poison  being  f  J^^^e  f  ^^^^ 
by  the  muscles  in  the  immediate  neighbourhood,       only  siowiy 
elcreted  by  them  to  circulate      the  blood,  and  act  on  other 
organs.   The  voluntary  muscles  must  ^^ve  a  great  power^  ot 
absorbing  benzoylecgonine,  as  shown  hy  the  fact  t  at  those  m^^^ 
which  it  first  comes  into  contact  rapidly  imbibe  it  those  wiucn 
are  more  distant  receiving  at  first  none,  or  vei^  ^  fj^?:   A J  ^ 
after  some  days  that  the  latter  hecome  markedly  dimmish^  in 
electric  excitability.   Non-striped  muscle  is  affected  to  a  mucn 
less  degree    When  a  large  number  of  muscles  have  been  poisoned, 
or  when  the  spinal  symptoms  have  been  severe  and  long-con- 

tinned,  death  ensues.  _  ,^  f«  o  „rflTnTnP<5 

Rabbits  were  extremely  insusceptible,  doses  up  to  2  grammes, 
given  subcutaneously,  producing  no  effect  except  ^liSj^t  (harrhoia^ 
In  cats,  however,  1  gramme  caused  excitement,  g^^at  dilatation  ot 
impils  very  great  increase  in  the  reflexes,  and  diarrhoea  1.7 
e?amme  cYusId  violent  tetanus,  extreme  diarrhoea,  and  death 
froT?xhai' tion  in  six  hours.   Ti^epost-n^ortem  appearance^^^^^^^^^ 
pxtremelv  striking.   The  muscles  did  not  respond  to  stimulation, 
the  sSall  intestine  presented  a  moniliform  appearance,  and  was  so 
contSed  as  to  occlude  the  lumen,  while  the  bladder  was  also  ex^ 
tremelv  contracted.   The  heart's  action  was  comparatively  little 
affected  untluust  before  death,  which  seemed  to  be  due  to  failure 
of  respiration. 

III.  Cocaine:  Action  on  Frogs :  Nummary  and  Criticis^^^ 
vious  Investigations.-The  results  ot  my  experiments  with  cocaine 
ZfroS  have  led  me  to  conclusions  differing  in  some  respects  from 
?bose  of  previo^^  observers,  and  hence  it  is  necessary  to  give  a 
vershorr^SS  of  what  has  been  already  done.    In  the_  various 
TsL  ptTons  ^find  so  many  discrepancies,  that  a  suspicion  is  at 
once  aroused  that  the  investigations  ^ave  been  carn^^^^^^ 
widely  different  substances.   As  we  shall  see,  there  is  serious  ms 
acrreement  regarding  both  the  exact  symptoms  and  the  dose  re 
Sd  to  oSuce  them.   The  statements  as  to  the  letha  dose  are 
quireatoproauce  Liiem.  p„rliest  experiments  with  cocaine 

""''Sp  bv  Shroff  -  who  used  a  preparation  obtained  from 
Terek"  but,  'f?omthf  descTiption  g-en'of  \physical  charac^^^^^^^ 
i^  does'not  seemto  have  been  quite  pure.  Doses  of  0.005  to  0.02 
oramme  were  g^^^^  The  former  caused  lessening  of  activity  of 
foSary  movement  and  respiration;  medium  doses  caused 
dPPner  torpS  while  after  larg^  doses  the  animal  lay  as  if  dead; 
Seart  was  much  depressed,  and  death  ensued.   Stimulation  of 

he  Sral  nervous  system,  muscles,  or  ^^J^^f/^^J.^^^f  ^^^f^ne^ 
nrtion  Schroff  regarded  cocaine  as  a  narcotic,  but  he  nas  laiieu 
?o  describe  some  of  the  most  prominent  symptoms  in  frogs.  It 

cxvi,  297,  yob^. 
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may  now  be  concludecl  with  certainty  that  the  substance  which 
he  used  in  his  experiments  was  a  mixture  of  the  coca  alkaloids,  as 
the  lethal  dose  given  (0.0:3  gramme)  is  much  too  small  for  pure  cocaine. 
The  passage  in  which  he  describes  the  action  of  medium  doses  on 
frogs  is,  perhaps,  worth  quoting  at  length:— "One  bridge  alter 
another  which  connects  the  organism  with  the  outer  world  is 
broken.  The  nictitating  membrane  falls  over  the  eye,  the  bram 
shuts  itself  out  from  sound,  the  skin  no  longer  conveys  external 
impressions ;  all  movements,  even  slight  respiration,  stop,  and  only 
the  heart  works  on  quietly  and  strongly  caring  for  the  inner 
oro-anism.  Thus  the  frog  lies,  sunk  in  the  deepest  ego  of  a  brute 
soul,  left  to  the  calm  contemplation  of  itself."  He  regards  its 
action  as  similar  to  that  of  Indian  hemp,  and  diametrically  opposed 
to  that  of  caffeine. 

F.  Jolyet  -''  obtained  a  more  correct  idea  of  the  cocaine  action  on 
froo'S,  and  summarises  his  results  in  four  paragraphs.  He  found 
tha't  (1)  very  small  doses  of  a  soluble  salt  excite  sensibility  and 
decrease  motility ;  (2)  larger  doses  cause  loss  of  power  over  co- 
ordination of  movement,  loss  of  power  of  movement  from  one 
place  to  another,  while  sensibility  is  entirely  retained;  (3)  still 
larger  doses  induce  diminution  and  ultimate  disappearance  of 
sensibility,  the  excito-motor  power  being  never  lost ;  and  (4)  in 
fractional  doses  characteristic  tetanus  is  caused. 

The  most  complete  account  is  given  by  von  Anrep.-^  He  found 
that  what  he  calls  very  small  doses  (1  to  2  milligrammes  hydro- 
chlorate  of  cocaine  subcutaneously)  had  no  effect,  or  sometimes 
caused  a  stage  of  excitement  marked  by  restlessness  and  increased 
reflex,  lasting  altogether  about  ten  minutes.  Medium  doses  were 
0.005  to  0.01  gramme,  and  were  followed  by  active  movements  suc- 
ceeded soon  by  quietude.  On  slight  stimulation  of  the  skin  there 
were  marked  contractions  amounting  almost  to  tetanus,  and 
abortive  attempts  to  jump.  The  frog  soon  lay  quite  helpless,  and 
only  on  violent  stimulation  gave  a  slight  reflex  twitch.  This  also 
soon  disappeared,  and  it  then  lay  as  if  dead,  but  recovered  in  a 
few  hours.  Larger  doses  had  the  same  bat  more  marked  effects, 
and  anything  above  0.04  gramme  was  fatal. 

The  spinal  reflexes  were  first  slightly  increased,  and  then  de- 
pressed with  small  doses,  while  8  milligrammes  and  upwards 
caused  depression  from  the  beginning.  The  motor  nerves  were 
depressed  but  never  completely  paralysed,  while  the  sensory 
nerve-endings  and  trunks  were  quite  paralysed  by  large  doses. 
Very  small  doses  are  reported  to  have  increased  the  sensitiveness 
of  sensory  nerves,  and  left  the  motor  untouched. 

Striped  muscle  was  unaffected,  and  gave  normal  tracings ;  with 
medium  and  large  doses  the  pupils  were  dilated.  The  next  three 
references  I  have  had  to  take  from  von  Anrep's  paper,  as  the  ori- 
ginals were  not  obtainable.  Nikolsky  (1872)  found  that  t'o  milli- 
gramme caused  restlessness  and  excitement,  larger  doses  caused 
the  same  symptoms  and  then  paresis,  while  2  milligrammes  were 
fatal  to  a  frog  from  stoppage  of  the  heart.  The  striped  muscles 
were  unaffected,  but  the  spinal  cord  and  all  the  nerves  were  para- 
lysed. 

Danini,  after  0.005  to  0.015  gramme,  observed  sometimes  short- 
lived excitement,  and  then  rapid  weakening  of  voluntary  move- 
ments. There  was  a  transient  decrease  of  reflexes,  then  an  increase. 
Motor  nerves  remained  quite  excitable,  the  most  persistent  sym- 
ptom being  muscular  paralysis.    Tetanus  was  never  observed. 


27  F.  Jolyet,  Comptes  Rend,  de  la  Soc.  de  Bio!.  (4)  iv,  162, 1867. 
'28  VonAnrcp,  P/ftiger's  Arckiv,  xxi,  38,1880. 
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Moreno  y  Maiz,-''  with  0.015  gramme  of  cocaine  acetate,  got  a  slight 
stage  of  excitement,  then  paralysis  of  hind  legs,  cessation  ot 
motion  and  respiration,  and  recovery  in  twenty-four  hours. 
Gramme  0.007  caused  in  fifteen  minutes  great  excitement  with 
violent  movements,  but  inability  to  jump.  Sensibility  remained 
intact.  After  0.04.5  gramme  there  was  speedy  general  paralysis, 
but  the  motor  nerves  remained  excitable.  _  AVhen  this  dose  was 
given  in  portions,  Moreno  got  a  characteristic  tetanus.  _ 

Buchheim  and  Eisenmenger  '°  give  details  of  four  experiments 
on  frogs— 0.0025  gramme  subcutaneously  in  one  case  and  O.UU£> 
gramme  in  three.  Respiration  soon  ceases,  then  rapidly  occurs 
great  weakness,  sensibility  is  long  maintained,  and  on  each  stimu- 
lation there  is  a  twitch,  although  a  faint  one.  The  thigh  muscles 
are  excitable  at  death,  but  soon  lose  their  excitability,  ibey  nna 
the  action  similar  to  that  of  caffeine,  but  not  so  pronounced.  It 
is  interesting  to  note  that  one  hour  and  a  half  after  administra- 
tion of  0.0025  gramme,  they  obtained  from  the  isolated  gastro- 
cnemius muscle  curves  exactly  resembling  those  got  aftpr  cafteine 
and  theobromine,  namely,  an'  extremely  long  period  of  contrac- 
tion.   Only  one  frog  survived  after  0.005  gramme.  _  _ 

Ott^*^  must  have  experimented  with  a  substance  containing 
little  or  no  cocaine.  Thus  he  Rnds  0.005  gramme  a  lethal  dose, 
and  describes  well-marked  tetanic  convulsions  and  muscular  stiff- 
ness as  results  of  much  smaller  doses.  He  found  also  that  it  in- 
creases and  prolongs  muscular  contraction.  .  ,  , 

A.  Bennett^*^  finds  the  action  of  cocaine  identical  with  that  ot 
caffeine.  He  ascribes  to  caffeine,  however,  the  power  of  producing 
local  anfesthesia,  an  observation  which  no  subsequent  observer 
has  been  able  to  confirm.  In  several  other  respects  his  results  as 
to  caffeine  and  cocaine  have  not  been  confirmed. 

Mays^^  compares  cocaine  to  brucine  in  its  action.  After  ad- 
ministration of  5  milligrammes  hydrochlorate  he  got  m  a  frog 
paresis,  one  convulsion,  and  then  gradually  paralysis,  but  when 
he  <^ave  0.0106  gramme  there  were  convulsions  in  three  minutes, 
which  lasted  for  nearly  three  hours,  and  persisted  after  severance 
of  the  cord  from  the  brain.  Complete  paralysis  ultimately  super- 
vened. As  he  compares  its  action  to  that  of  brucine,  the  tetanic 
spasms  must  have  been  a  very  prominent  feature.  ^ 

U  Mosso^i  found  hydrochlorate  of  cocaine  more  energetic  m  its 
action  than  von  Anrep  did.  Thus  be  considers  0.005  to  0.01  gramme 
a  large  dose.  The  symptoms  in  frogs  are  described  as  those  ot 
narcotic  poisoning— respiration  ceases,  the  eyes  sink,  the  head 
droops,  the  muscles  become  flaccid  and  lose  their  tonicity,  ihe 
conducting  and  reflex  power  of  the  cord  is  rapidly  lost,  and  it  is 
affected  long  before  the  sensory  and  motor  nerves  are,  the  irrita- 
bility of  the  motor  nerves  being  depressed  only  after  large  doses, 
and  in  a  late  state  of  the  poisoning.  He  shows  also  that  von 
Anrep  was  mistaken  regarding  the  early  and  deep  paralysis  ot 
the  sensory  nerves  and  their  terminations.   Convulsions  were 

never  seen.  .      .  ,       .  ..^ 

BerthokP^  has  shown  that  cocaine  is  a  muscle  poison,  as  its 
direct  application  in  solution  to  the  sartorius  muscle  and  heart  of 

29  Moreno  v  Maiz,  Recherches  chim.  et  physiol.  sur  I'Erythroxylum  Coca  du 

Perou  et  la  Cocaine.  Paris.  rAe.se.  1868. 
80  Buchheim  and  Eisenmenger,  Eckhard's  Bcilrage  zur  Anat.  und  Pht/s.  v,  120, 

1870. 

31  Ott,  Toxicological  Studies.  Philadelphia.  1874. 
32  A.  Bennett,  Edm.  Med.  Jniirn.,  xix,  part  i,  32.3,  1873. 
S'^  Mnys,  Therapeutic.  Gazette,  3 \me.  ISSb,  312. 
84  U  Mo330,  Archiv  f.  expt.  Paf/i.,  xxiii,  1.53, 1887;  Archives  Italiennes  de  BioL 

viii,  323,  1887. 
35  Berthold.  Centralbl.f.  »ml.  VHssensch.,  1885,  146. 
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tte  frog,  or  its  injection  into  the  anterior  chamber  of  the  eye  in 
rabbits  and  cats,  caused  muscular  paralysis  without  previous  sti- 
mulation. In  the  case  of  the  sartorius  the  paralysis  was  peculiar, 
as  tetanising  stimuli  induced  not  a  tetanus,  but  a  single  strong 
contraction,  the  amount  of  which,  on  repeated  stimulation,  teJi  to 
nil.  After  a  rest  of  half  a  minute  to  a  minute  the  muscle  re- 
covered its  original  power  of  contraction,  but  rapidly  lost  it  again 
on  stimulation.  In  the  experiments  on  the  frog  s  muscle  the 
muscle  must  have  been  indirectly  stimulated  through  the  nerve, 
as  we  shall  see  later  on  that  it  is  the  latter,  and  not  the  former, 
which  suffers  from  this  exhaustion. 

Sighicelli^^  has,  on  dogs,  confirmed  Berthold's  observation  that 
the  pupillary  muscles  are  paralysed,  and  has  shown,  in  addition,  that 
the  muscles  of  the  eyeball  and  of  the  intestine  are  rendered  non- 
excitable  to  electricity  after  direct  application  of  cocaine  hydro- 
chlorate  in  solution,  p  ^  r,r  i.-  r.t  „ 
Alms"  found  that  the  injection  of  0.25  cubic  centimetres  ot  a 
5  per  cent,  solution  into  the  iliac  artery  of  a  frog  caused  com- 
plete paralysis  of  the  sciatic  nerve  in  two  minutes,  while  the 
muscles  were  only  somewhat  diminished  in  excitability.  1  aint- 
inw  the  skin  with  a  5  per  cent,  solution  also  affected  the  under- 
lyuig  muscles  slightl>.  Further,  he  showed  that  the  local  ana3s- 
thesia  is  due  to  an  action  on  the  sensory  nerve-endings,  and  not 
to  local  anfemia.                     ,                              ^  ^ 

Kobert^"*  states  that  cocaine  in  small  doses  does  not  anect  ttie 
muscle-curve  in  the  frog,  nor  the  power  to  raise  a  weight.  Large 
doses  cause  the  curve  to  be  irregular  in  size.  He  gave  up  to_9 
milligrammes  without  causing  any  immediate  symptoms,  while  in 
one  case  convulsions  are  reported  to  have  occurred  on  the  second 
day.  It  is  evident,  therefore,  that  he  was  working,  not  with 
cocaine,  but  most  probably  with  benzoylecgonine. 

The  later  observers— Alms,  Berthold,  Mosso,  Sighicelli— experi- 
mented, no  doubt,  with  pure  cocaine  salts,  while  Jolyet,  von  Anrep, 
and  Moreno  probably  had  a  nearly  pure  substance.  The  others 
must  have  worked  with  mixtures  of  the  coca  alkaloids,  probably 
containing  in  many  cases  little  or  no  cocaine.  What  body  Mays 
had  it  is  impossible  exactly  to  say,  but  Bucbheim  and  Eisen- 
menger,  Nikolsky,  and  some  of  the  others  most  probably  worked 
with  cocamine.  The  actions  described  have  a  generic  resem- 
blance to  the  action  of  cocaine,  but  they  seem  to  differ  from 
it  chiefly  by  producing  in  some  cases  marked  convulsions,  and  in 
others  pronounced  muscular  paralysis,  while  the  lethal  dose  is 
much  smaller. 

Tumass^"  has  shown  that  the  application  of  a  solution  to  the 
exposed  cortex  cerebri  diminishes  its  electric  irritability.  We 
may  therefore  take  it  as  proved  that  cocaine  paralyses  all  forms 
of  nerve-tissue  when  brought  into  contact  with  them,  and,  further, 
that  it  has  a  slightly  paralysing  effect  on  muscle. 

My  ozon  Experiments.  —  The  general  symptoms  produced 
in  frogs  have  not  been  closely  analysed  by  any  previous 
observer,  and  this  is  what  I  now  propose  to  do.  My  experi- 
ments were  made  with  very  fine  samples  of  Howard's  and 
Merck's  hydrochlorate  of  cocaine,  and  with  the  base  prepared 
from  these  by  careful  precipitation  with  liquor  ammonii'e.  The 
frogs  used  were  rana  temporaria  and  rana  esculenta.  I  must  agree 


36  Sighicelli,  Archives  Ital.  dc  Biol.,  viii,  128,  188«. 
37  Alms,  Archiv  f.  Anca.  u.  Plu/s.  (Suppl.,  Heft),  1886,  293. 
3»  Koberfc,  Ardiinf.  c.xpl.' Pdtlwlotjie,  xv,  22,  1SS2. 
3»  Tiiniass.  Archiv f.  i:rpi.  f'ath.,  xxii,  107,  1887. 
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with  U.  Mosso  that  the  doses  called  small  by  von  Anrep  (1  to  2 
milligrammes)  have  much  more  effect  than  the  latter  attributes  to 
them.  Mosso  thinks  that  this  is  probably  due  to  von  Anrep 
having  used  larger  frogs  than  he  did,  but  I  also  used  large  speci- 
mens of  rana  esculenta,  and  am  inclined  to  think  that  von  Anrep  a 
hydrochlorate  of  cocaine  was  by  no  means  pure.  It  was  procured 
from  Merck  long  before  there  was  any  commercial  demand  tor  tne 
drug,  and  at  a  time  when  its  extraction  was  not  well  understood. 
When  the  demand  for  it  arose  our  first  supplies  of  cocaine  were 
amorphous  and  extremely  impure. 

Very  Small  Doses.-ln  small  frogs  (22  to  24  grammes)  the 
hypodermic  injection  of  half  a  milligramme  of  the  hydro- 
chlorate  of  cocaine  dissolved  in  water  causes  slight  torpor 
and  heaviness  of  movement,  as  if  the  animal  were  taintiy 
narcotised.  The  normal  activity  of  the  brain  and  spinal  cord, 
manifested  by  the  frog's  usual  appearance  of  alertness,  is 
evidently  depressed,  as  is  also  sharp  reaction  to  very  slignt 
stimuli.  There  is  often  slight  paresis  of  the  hmd  limbs, 
which  are  not  so  closely  drawn  up  to  the  body  as  usual ;  and  there 
may  be  slight  inco-ordination  of  movement,  but  the  motor  power 
is  quite  well  preserved,  the  animal  moving  and  jumping  vigor- 
ously when  irritated.  The  slight  dragging  of  the  posterior  ex- 
tremities is  (as  we  shall  see  later  on)  a  symptom  of  the  sensory 
rather  than  of  the  motor  depression.  The  pupil  is  increased  in 
size  and  there  is  no  stage  of  excitement.  Recovery  takes  place 
in  one  to  two  hours.  In  large  frogs,  one-half  to  one  milligramme 
causes  similar  symptoms.  .  t.     •    4.-  „ 

Experiment  vii.— Rana  temporaria.  24  grammes.  Respirations 
64  in  30  seconds.  12.28.  h  milligramme  cocaine  hydrochlorate  in 
i  cubic  centimetre  water  under  skin  of  back.  12.35.  Is  scarcely  so 
active-  respirations  63.  12.45.  Sits  with  head  on  table;  jumps 
heavily  -  respirations  60.  12.55.  Paresis  of  hind  limbs;  jumps 
heavily  when  stimulated  ;  struggles  if  placed  on  back,  but  cannot 
recover-  respirations  42  in  30  seconds;  pupils  dilated.  There  has 
been  no  sign  of  increased  reflex.  1.8.  Rather  less  sluggish,  re- 
covers with  difficulty  when  placed  on  back.  1.20.  Is  now  more 
active;  pupils  dilated  still.  1.40.  Nearly  recovered;  pupils  still 
large.  '  2.30.  Is  quite  recovered. 

Small  Doses.— When  2  or  3  milligrammes  are  given,  the  symptoms 
are  more  characteristic.   The  frog  shortly  becomes  torpid,  sluggish 
and  awkward  in  its  movements,respiration  is  slowed,  and  the  pupils 
are  dilated.   The  nervous  system  is  evidently  depressed.   It  soon 
lies  flaccid  on  its  belly,  with  its  head  resting  on  the  table  and  its 
legs  limply  extended.    Sensitiveness  to  external  stimuli  is  much 
diminished,  the  animal  makes  no  response  if  its  skin  be  gently 
stroked  or  if  its  legs  be  gently  shifted,  but  vt^ith  slight  pinching 
of  the  toe  or  skin  it  struggles  violently  and  kicks  out  its  legs  in  a 
manner  which  shows  that  its  motor  powers  are  perfectly  retained. 
This  characteristic  condition,  in  which  the  frog  lies  quite  flat  on 
its  belly  unable  to  jump  or  to  co-ordinate  its  movements,  but 
struggling  and  kicking  out  vigorously  when  irritated,  has  been 
noticed  more  or  less  fully  by  many  previous  observers.   The  reflex 
reply  to  sensory  impressions  is  exaggerated,  the  extension  ot  the 
less  being  tetanic  in  its  intensity,  but  at  the  same  time  there  is  a 
celtain  degree  of  flaccidity  about  it.  The  animal  lies  quite  limply, 
and  although  each  stimulation  calls  forth  a  reflex,  yet  the  spasm 
is  only  momentary  and  the  frog  never  becomes  rigid.   The  con- 
dition resembles  that  seen  after  large  doses  of  morphine,  or  in  the 
late  stages  of  strychnine  poisoning  when  there  is  exhaustion  ot 
the  cord.   Soon,  sensory  impressions  are  more  difficult  to  produce 
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tind  their  reflex  motor  results  become  feebler,  until  there  maybe 
simply  a  faint  twitch  on  stimulation.  r^o««P« 
Before  this  last  stage  is  reached,  however,  the  frog  passes 
through  a  rather  peculiar  condition  as  ''egards  /f" 
flexes  On  pinching  the  toe  a  violent  ^P^^^o^f^J^^J^^ 
is  obtained,  but  on  repeating  the  stimulation  this  gets  weaker 
and  on  the  third  or  fourth  time  there  is  no  response.  After 
a  short  rest  another  spasmodic  but  Aamd  movement  can  be 
elicited  The  centres  in  the  cord  are  evidently  m  a  condition  ot 
easy  exhaustion,  and  it  seems  as  if  they  had  lost  their  power  of 
properly  conserving  and  distributing  their  energy,  and  we?-e  com- 
pelled, when  a  sufficient  stimulus  is  applied  to  discharge  it  all  in 
one  great  effort.  With  such  small  doses  as  2  or  3  milligrammes  a 
very  short  time  is  required  for  them  to  recover  after  each  dis- 
charge. Electric  stimuli  applied  high  up  are  readily  enough  con- 
veyed along  the  cord,  and  cause  contraction  of  the  jeg  musdes 
evirv  time  The  motor  and  sensory  tracts  are  no  doubt  some- 
what depressed,  because  cocaine  paralyses  every  kind  of  nerve 

tTssue.  but  the  amount  of  depression  is  ^^^^  .^^thj^^^.^^^^.f^u' 
and  is  only  sufficient  to  prevent  the  conduction  of  weak  stimuli. 
The  non-appreciation  of  slight  stimuli  such  as  stroking  the  skin 
is  accounted  for  by  the  depression  of  tbe  sensory  tracts  in  the 
cord  while  the  sensory  centres  are  also  dulled  to  a  considerable 
extent.    Owing  to  this,  so-called  spontaneous  convulsions  are 

^^The  condition  of  the  cord  can  hardly  be  called  one  of  increased 
reflex  excitability,  because  it  is  less  sensitive  to_  weak  stimuli, 
but  there  is  (along  with  depression  of  conductivity)  a  peculiar 
-^ate  of  the  f^rey  matter,  in  which,  when  impressed  by  a  sutticient 
stimulus,  it  cannot  control  the  amount  of  energy  to  be  discharged, 
but  exhausts  itself  in  one  violent  spasmodic  effort. 

During  the  progress  of  the  poisoning  the  frog  loses  its  power  ot 
localising  a  sensory  impression.  This  can  be  shown  by  placing  a 
small  piece  of  paper  moistened  with  acetic  acid  on  the  skin,  when 
the  animal  at  first  removes  it  in  the  ordinary  way.  But  very 
shortly  afterwards  such  an  application  only  causes  an  irregular 
strugt^le,  without  any  attempt  being  made  at  removal ;  and  still 
later  no  notice  whatever  is  taken  of  it.  At  this  time,  pinching 
the  skin  or  toe  gently  with  forceps  will  cause  violent  struggles. 
From  this  we  learn,  first,  that  the  sense  of  locality  is  lost 
sooner  than  the  sense  of  pain,  just  as  one  would  expect.  The  loss 
arises  not  from  peripheral  but  from  central  causes,  as  the  locali- 
sation of  a  sensation  demands  a  more  perfect  condition  of  the 
central  nervous  system  than  its  mere  perception.  Cocaine  has, 
however,  disturbed  the  nerve-centres  in  the  cord  and  brain  just 
so  much  that,  while  the  frog  feels  the  pain  or  the  stimulus,  it  is 
unable  to  localise  their  exact  position,  this  condition  deepening 
until  even  pain  is  not  felt.  We  also  learn  that  sensory  impres- 
sions conveyed  from  the  terminations  of  peripheral  nerves  m  the 
skin  (acetic  acid  paper)  are  not  felt  at  a  stage  of  the  poisoning 
when  stimulation  of  the  nerve-stems  themselves  (pinching  skin 
in  forceps)  is  readily  perceived.  This  point  we  shall  return  to 
later  on.  ... 

In  passing.  I  should  like  to  point  out  that  this  interference 
(when  much  short  of  complete  abolition)  with  the  sensory— and 
consequently  the  co-ordinating— powers  of  the  spinal  cord  repro- 
duces symptoms  closely  resembling  some  of  those  seen  in  loco- 
motor ataxia  in  man.  In  both  cases  they  arise  from  similar 
causes,  namely,  defective  conduction  of  sensory  impressions  by 
the  cord. 
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The  second  stage  of  cocaine  poisoning  in  the  frog  then 
gradually  comes  on.  The  torpid  condition  passes  oflf ;  the  animal 
sits  up  ;  the  reflexes  are  increased  as  in  slight  strychnine  poison- 
ing, and  this  increase  lasts  for  some  days  longer,  when  the  trog 
returns  to  its  normal  condition.  With  such  small  doses  the 
muscles  and  motor  nerves  are  not  appreciably  affected. 

Before  discussing  the  action  of  cocaine  further,  1  quote  two 
illustrative  experiments.  .  . 

Experiment  viii.— Rana  temDoraria.  46  grammes.  Kespirations 
23  in  10  seconds.  12.41.  0.002  cocaine  hydrochlorate  (Merck  s)  sub- 
cutaneously  in  water.  12.43.  Movements  heavier;  is  sluggisn. 
12.45.  Respirations  15 ;  pupils  large  ;  moving  restlessly,  very 
awkward  and  cannot  jump  ;  no  response  on  stroking  skin,  l-^.^a. 
Torpid  and  very  heavy ;  lying  on  belly;  respirations  7.  i-o- 
Ceased  to  respire;  pupils  dilated;  lets  legs  lie  out  behind  .and 
does  not  respond  to  stroking  skin,  but  if  the  toe  be  ever  so 
slightly  pinched  the  legs  are  kicked  out  in  a  spasmodic  fashion, 
1  20.  Has  been  in  statu  quo.  1.52.  Head  now  slightly  raised  from 
table  ;  cannot  jump  ;  does  not  feel  stroking  skin,  but  kicks  out  vio- 
lently if  pinched ;  respires  occasionally;  pupils  large.  2.1o.  bitting 
up-  lumps  heavily;  reflexes  increased  on  slight  stimulation-, 
pupils  very  dilated.  2.45.  Great  increase  in  reflexes;  jumps 
fairly  well ;  pupils  much  dilated.  3.45.  Very  active  and  lively. 
4.30.  Jumps  well,  active  and  lively;  reflexes  increased;  pupils 
much  dilated.  v  *  * 

Second  day.  Reflexes  active ;  frog  lively  ;  pupils  large  but  not 

fully  dilated.  ,    .         ,  . 

Third  day.  Reflexes  slightly  exaggerated;  is  nearly  normal. 
Experiment  ix.— Rana  esculenta.  65  grammes.  12.1b.  O.OtW 
cocaine  hydrochlorate  (Merck's)  subcutaneously  in  water.  12.id. 
Heavy  and  awkward  ;  co-ordination  of  movements  bad ;  pupils 
very  large;  no  reflex  on  stroking  skin,  but  pinching  toe  causes  a 
spasmodic  kick  out.  12.28.  Lying  on  belly ;  cannot  jump  ;  pupils 
much  dilated  ;  otherwise  same.  1.20.  Very  torpid ;  pupils  very 
dilated ;  when  pinched  there  is  a  spasmodic  reflex,  but  on  tlie 
third  01  fourth  time  the  cord  ceases  to  respond  and  the  animal 
remains  flaccid.   4.30.  Has  been  in  statu  quo.  _ 

Second  day.  Frog  active  and  lively ;  reflexes  much  increased ; 
when  the  frog  jumps  the  shock  of  landing  causes  a  violent  tetanic 
start ;  pupils  dilated.  ,  ^,-1 

Third  day.  Marked  reflex ;  active  and  lively. 
Fourth  day.  Same.  .      ,      ,  ^,  *  ^ 

Tenth  day.  The  reflexes  have  continued  slightly  exaggerated. 
We  can  now  analyse  more  carefully  the  action  of  cocaine  given 
in  the  above  doses.   The  central  nervous  system  is  much  more 
deeply  affected  than  the  peripheral,  owing,  no  doubt,  to  its  mucn 
richer  blood-supply.   The  brain  activity  of  the  frog  is  greatly 
depressed,  while  the  sensory  and  motor  conducting  tracts  and 
the  grey  matter  of  the  cord,  are  all  much  affected.   The  sym- 
ptoms produced  by  the  implication  of  these  several  parts  of  the 
cord  are  not,  however,  equally  prominent,  especially  at  first  In 
showing  this  we  may  utilise  Some  experiments  made  byVulpian 
and  by  Alms.   Vulpian  found  that  if  he  divided  the  spinal  cord 
in  a  frog  high  up,  and  painted  the  skin  of  one  leg  with  a  2  per 
cent  solution  of  cocaine  hydrochlorate,  the  skm  became  anaes- 
thetised and  the  leg,  instead  of  being  drawn  up  in  the  ordinary 
flexeTposSn,  lay  out  "  a  Vabandon,"  and  was  trailed  helplessly 
after  the  body  when  the  frog  jumped  or  moved,  exactly  as  it  it 


*o  Vulpian,  Comptes  Ttmd.  xcix,  885,  1884. 
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were  in  a  condition  of  motor  paralysis.  If  the  animal  were  irri- 
tated in  any  way,  however,  this  leg  was  drawn  up  at  once,  and 
hence  the  motor  paralysis  is  only  apparent.  Nor  does  the  anaes- 
thetised leg  make  any  attempt  to  remove  a  piece  of  acetic  acid 
paper  placed  on  any  unsesthetised  part  of  the  body,  while  the 
other  leg  does  so  at  once.  Vulpian  explained  the  apparent  motor 
paralysis  by  assuming  that  the  normal  attitude  of  the  frog  is 
maintained  by  means  of  slight  stimuli  passing  from  the  skin  to 
the  co-ordinating  centre ;  these  are  no  longer  conveyed  from  the 
cocainised  skin,  and  hence  the  leg  lies  "  d  I'abandon." 

Alms  confirmed  this  explanation  by  more  careful  experiments, 
and  showed  that  after  the  skin  of  one  leg  is  painted,  stimulation 
of  either  sciatic  is  equally  effective,  and  hence  there  is  no  real 
motor  paralysis.  He  also  performed  the  following  experiment. 
A  glass  plate  was  inserted  under  the  lumbar  plexus  on  one 
side,  and  the  nerves  painted  with  a  5  per  cent,  solution.  There 
ensued  loss  of  sensation  in  the  skin  of  the  same  side,  and  the  leg 
was  dragged  as  if  paralysed.  The  motor  paralysis  was,  however, 
only  apparent,  for  if  the  forearm  were  pinched  the  leg  was  moved 
reflexly  and  vigorously. 

Are  we  to  conclude  from  this  that  when  a  mixed  nerve  is 
painted  with  a  5  per  cent,  solution  of  cocaine  hydrochlorate,  the 
sensory  conduction  is  interfered  with  while  the  motor  is  not  ? 
Alms  says  no,  and  for  the  following  reasons.  A  rabbit's  skin  rnay 
be  severely  irritated  without  causing  signs  of  great  pain,  but  if  a 
nerve-stem  be  gently  stimulated  in  any  way,  the  animal  at  once 
exhibits  symptoms  of  suffering.  The  explanation  of  this  is  that 
the  sensory  terminations  of  nerves  in  the  skin  cannot  sum  up  and 
transmit  to  the  stem  for  conduction  to  the  sensory  centres  a  given 
stimulus  in  its  maximum  intensity,  while  a  direct  stimulation  of 
the  stem  is  so  carried  to  these  centres.  When  a  mixed  nerve-stem 
is  painted  with  cocaine  solution,  the  motor  and  sensory  strands 
are  equally  depressed  in  conducting  power.  At  first  there  is  only  in- 
duced a  diminution  in  conductivity,  and  this  accounts  for  the  weak 
sensory  impulses  from  the  skin  being  impeded,  while  stronger 
stimuli  pass.  The  motor  impulses  from  the  centres  are  also  suf- 
ficiently strong  to  pass  the  cocainised  tract  of  nerve,  and  hence 
motor  power  is  well  retained.  Alms  has  proved  this  on  rabbits 
and  frogs  in  the  following  way. 

In  a  rabbit  both  sciatic  nerves  were  exposed  and  electrodes  ap- 
plied to  them.  On  the  left  side  the  strength  of  current  required 
to  cause  tetanus  of  the  leg  muscles  was  fixed,  and  on  the  right 
side  the  strength  of  current  required  to  cause  the  rabbit  (1)  to 
raise  its  head  sharply,  and  (2)  to  cry  out.  The  left  sciatic  below 
the  electrodes,  and  the  right  sciatic  above  the  electrodes,  were 
then  painted  with  a  5  per  cent,  solution.  By  repeated  stimula- 
tion the  loss  of  conductivity  could  be  followed,  motor  loss  on  left 
side,  sensory  loss  on  right  side.  The  result  was  that  in  the  right 
leg  there  was  complete  anaesthesia  of  the  skin  at  a  time  when 
the  rabbit  showed  signs  of  pain  with  a  current  applied  to  the 
right  nerve-stem  only  a  little  stronger  than  was  required  before 
the  painting  with  cocaine.  On  the  left  side  motor  conductivity 
diminished  in  an  equal  ratio.  The  end-result  was  complete  loss 
of  conductivity  in  the  same  time  on  both  sides,  proving  that  after 
direct  application  of  cocaine  to  a  mixed  nerve,  sensory  and  motor 
conduction  become  diminished  in  an  exactly  equal  degree. 

The  same  thing  happens  when  the  whole  frog  is  brought  under 
the  influence  of  small  doses  of  cocaine  by  subcutaneousinjection,but 
it  is  in  the  spinal  cord,  and  not  at  the  periphery,  that  conduction  is 
interfered  with.   The  motor  and  sensory  tracts  in  the  cord  (and 
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probably  the  mixed  nerves  to  a  very  much  less  degree)  are  at  first 
slightly  depressed.   Gentle  stroking  of  the  skin  has  therefore  no 
effect  in  causing  a  reflex,  as  it  is  not  felt,  its  intensity  being  in- 
sufficient to  pass  along  the  partially  paralysed  nerve-tracts,  or 
produce  a  sensation  in  the  sensory  centres.    A  severer  stimulus 
(pinching  skin,  or  direct  stimulation  of  a  nerve  stem)  is,  however, 
readily  conducted,  and  we  get  a  violent  reflex  of  the  whole  body. 
The  motor  conduction  is  slightly  depressed,  just  as  the  sensory  is, 
but  as  a  pinch  is  sufficient  to  overcome  the  sensory  depression, 
80  the  discharge  of  motor  energy  from  the  grey  cells  is  suth- 
ciently  strong  to  overcome  the  slight  motor  depression.   As  the 
poisoning  gets  deeper  after  large  doses,  sensory  and  motor  con- 
ductivity both  gradually  become  quite  abolished.   The  dulling  in 
the  perception  of  skin  sensory  impressions  accounts  tor  the  flacciQ 
attitude  of  the  frog  and  the  loss  of  good  co-ordinating  power 
which  ensues  almost  immediately  after  the  administration  ot 
cocaine.  As  Vulpianhas  shown,  a  frog  keeps  itself  in  its  ordinary 
upright  position  by  means  of  slight  stimuli  passing  from  the  skm 
to  the  sensory  and  co-ordinating  centres.   AVhen  the  skin  of  one 
leg  is  anaesthetised,  this  leg  only  lies  flaccid,  but  when,  by  in- 
ternal administration  of  cocaine,  the  sensory  paths  m  the  cord  are 
depressed,  the  slight  sensory  impressions  from  the  whole  area  ot 
the  skin  are  no  longer  conducted  to  the  centres,  and  the  animal 
thus  loses  the  external  stimuli  by  which  it  keeps  itself  upright 
and  steady.   Hence  the  limpness  and  flaccidity  of  its  attitude. 
It  feels  a  pinch,  however,  and  kicks  out  violently  at  once, 
although  lying  flat  on  its  belly  and  unable  to  jump,  owing  to 
loss  of  sensory  impressions,  and  consequent  loss  of  co-ordmatmg 

^°With  medium  doses  the  power  of  perceiving  severe  stimuli 
and  answering  by  a  more  or  less  marked  movement  is  never 
abolished,  although  the  movements  are  sometimes  extremely 
feeble  As  we  have  seen  in  the  experiments  above,  the  depression 
gradually  passes  off,  and  is  succeeded  by  an  increase  in  the  re- 
flexes. How  and  to  what  extent  the  implication  of  the  encephalon 
affects  the  symptoms,  is  difficult  to  say.  It  is  certain,  however, 
that  part  of  the  general  torpor  is  owing  to  brain  depression. 

Medium  and  Large  Doses.-When  0.01  to  0.02  gramme  is  given  to 
a  frog,  the  effects 'are  much  the  same  as  with  smaller  doses,  but 
are  more  marked,  while  the  motor  nerves  are,  in  addition,  greatly 
affected.  The  torpor  comes  on  more  rapidly,  is  much  more  pro- 
found, lasts  longer,  and  may  pass  into  complete  sensory  and  motor 
paralysis.  The  pupils  are  diminished  m  size  to  mere  slits,  ihe 
reflexes  are  at  first  quite  abolished,  then  later  on  the  torpor  be- 
comes less  deep,  and  one  gets  a  very  flaccid  tetanus  on  stimula- 
tion, the  depression  finally  passing  off,  to  be  succeeded  by  great 
exaggeration  of  reflexes.   

Thi  motor  nerves  become  diminished  in  their  electric  irrita- 
bility early  in  the  poisoning,  but  in  addition  to  this  their  condi- 
tion later  bn  is  peculiar,  and  comparable  to  that  of  the  spinal 
cord  namely,  a  condition  in  which  they  become  very  rapidly  and 
easily  exhausted.  If,  some  time  after  administering  to  a  frog  a 
large  dose  of  cocaine,  the  sciatic  nerpe  be  exposed  and  stimulated 
with  the  interrupted  current,  it  is  found  that  whether  the  stimula- 
tion be  rather  weak,  moderate,  or  strong,  the  muscles  of  the  same 
leg  contract,  although  not  with  their  normal  violence.  On  re- 
peating the  stimulation  immediately  after,  an  extremely  feeble 
contraction  may  be  obtained,  or  more  usually  none  at  all,  and  on 
the  third  stimulation  no  contraction  occurs,  although  the  muscles 
are  quite  excitable  to  direct  application  of  the  electrodes,   it  the 
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nerve  be  then  allowed  a  very  short  rest  (i  to  1  minute  or  there- 
abouts) the  application  of  a  weak  current  to  it  agani  causes  tne 
muscles  to  contract.  The  motor  nerves,  therefore  (like  the  cord 
with  small  doses),  are  in  a  condition  not  so  much  of  complete 
paralysis,  as  of  partial  paralysis  with  great  tendency  to  exhaus- 
tion, at  least  if  their  inability  to  conduct  electric  stimuli  to  the 
muscles  sieniftes  exhaustion.  The  voluntary  muscles  at  the  point 
of  iniection  are  generally  less  excitable  than  those  which  have  not 
come  into  contact  with  the  cocaine  solution,  but,  except  in  one  or 
two  instances,  the  difference  was  trifling.   Gramme  0.04  to  0.045  is 

a  lethal  dose.  ^    ,    „,  ,  ^• 

Direct  Application  to  Spinal  (7or<?.— The  direct  application 
of  2  to  4  drops  of  a  1  per  cent,  solution  cocaine  hydrochlorate 
to  the  exposed  spinal  cord  causes  general  symptoms  similar 
to  those  seen  after  subcutaneous  injection.  In  some  cases 
there  was  a  slight  preliminary  increase  in  the  reflexes,  but  soon 
the  froc^  lies  on  its  belly,  and  shows  the  same  indifference 
to  stroking  of  its  skin,  while  it  responds  to  a  severer  stimulus 
with  a  tetanic  but  rather  flaccid  kick-out,  each  of  these  being  fol- 
lowed by  great  exhaustion.  The  ability  to  localise  the  position  of 
an  acetic  acid  paper  is  also  lost.  The  flaccid  tetanic  condition  is 
sometimes,  especially  at  flrst,  very  well  marked,  but  if  we  apply 
too  much  of  the  solution,  there  is  paralysis  from  the  beginning. 
It  is  evident  that  all  the  more  prominent  symptoms  induced  by 
2  to  3  milligrammes  subcutaneously  may  be  obtained  when  the  cord 
alone  is  subjected  to  the  influence  of  cocaine,  and  hence  we  may 
conclude  that  in  such  cases  the  symptoms  depend  chiefly  on  im- 
plication of  the  cord.  When  large  doses  are  given  subcutaneously, 
the  depression  of  the  peripheral  nerves  must  contribute  largely 
also  to  the  paralysis. 

Summary— To  summarise  in  very  general  terms  the  action  of 
cocaine  on  the  nervous  system  of  the  frog,  we  find  (1)  that  it  de- 
presses the  energising  or  conducting  power  of  all  forms  of  nerve- 
tissue  ;  (2)  that  the  grey  cells  of  the  cord  are  affected  in  a  manner 
which  causes  them  to  discharge  their  energy  violently,  but  also 
to  exhaust  themselves  rapidly ;  and  (3)  that  the  spinal  depression 
passes  off,  and  is  succeeded  by  a  condition  of  greatly  increased 
reflex  excitability. 

Experiment  x.— Eana  esculenta,  38  grammes.  12.2.  0.01 
cocaine  hydrochlorate  in  |  cubic  centimetre  under  skin  of  back. 
12.7.  Gradually  became  more  and  more  torpid  and  paretic,  untilit 
is  now  unable  to  jump.  12.10.  Lying  quite  flaccid,  but,  if  pinched, 
kicks  out  violently.  12.14.  When  pinched  sometimes  responds  by 
a  slight  twitch,  sometimes  gives  no  response ;  pupils  very  con- 
tracted. 12..38.  No  response  when  pinched ;  sciatic  nerve  stimu- 
lated at  180  millimetres  (Du  Bois  induction  coil)  =  one  faint 
twitch  of  muscles ;  stimulation  at  0  =  same.  On  second  stimula- 
tion with  either  strength  there  is  no  contraction  of  muscles  unless 
a  short  interval  has  elapsed;  no  reflex  in  other  leg.  6.15.  Frog 
still  very  flaccid,  but  has  recovered  somewhat ;  sciatic  stimulated 
at  180  millimetres  =  a  muscular  contraction  each  time, 
while  the  stimulation  causes  at  same  time  reflex  twitch  of  other 
leg  and  of  body. 

Second  day.  Frog  lying  on  belly  with  legs  extended,  and  still 
very  flaccid.  On  pinching,  gives  a  limp  tetanic  extension  of  legs 
succeeded  by  great  exhaustion ;  sciatic  at  160  millimetres  =  every 
time  marked  contraction  of  muscles  of  same  leg;  the  other  leg 
contracts  reflexly  on  the  first  stimulation  of  sciatic,  but  there  is 
no  reflex  on  the  second  stimulation;  pupils  are  large.  3.0.  Sitting 
up ;  refliexes  much  increased ;  pupils  large. 
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Third  and  fourth  day.  Active  and  lively ;  well-marked  increase 
iu  reflexes. 

Fifth  day.  Is  now  about  normal. 

Experiment  xi.— Rana  temporaria ;  37  grammes.  2.56.  O.OJ 
cocaine  in  8  minims  of  water +TTC1  g.s.  under  skin  back.  2.o4. 
Jumps  very  heavily.  2.5.").  Reflexes  diminished;  lying  flat  on 
l)elly,  cannot  jump,  but  kicks  out  forcibly  with  legs.  3.0,  Quite 
flaccid  and  reactionless ;  pupils  very  small.  4.20.  Sciatic  nerve 
is  very  slightly  excitable  to  strongest  current,  and  on  stimulating 
it  no  reflex  movement  of  other  leg  is  produced. 

Second  day.  When  pinched  gives  faint  twitch  ;  sciatic  nerve  on 
stimulation  =  faint  contraction,  on  second  stimulation  —  ml. 

Third  day.  When  pinched  gives  one  marked  twitch  of  abdominal 
muscles  and  slight  twitch  of  rest  of  body,  but  on  repeating  the 
irritation  no  response  is  elicited  unless  an  interval  occur.  Sciatic 
stimulated  at  100  millimetres  =  feeble  contraction  of  muscles,  at 
20  millimetres  =  well-marked  contraction  ;  but  on  second  stimu- 
lation with  either  strength  of  current  there  is  no  response  until  a 
short  rest  has  been  allowed.  Muscles  all  seem  to  contract  well  on 
direct  application  of  electrodes. 

Fourth  day.  Is  respiring;  pupils  dilated,  corneal  reflex  very 
active ;  when  pinched  gives  a  slight  twitch.   Sciatic  stimulated 
at  120  millimetres  =  faint  muscular  contraction  each  time,  while 
a  stronger  current  causes  more  violent  contraction,   6.0.  Much  re- 
covered, sitting  up ;  very  great  increase  in  reflexes. 
Fifth  and  sixth  days.  Marked  increase  in  reflexes. 
Seventh  day.  About  well ;  pupils  still  much  dilated. 
Action  on  Mammalia.— It  is  difficult  to  analyse  the  action  _ot 
cocaine  on  mammalia  with  the  same  minuteness  as  in  frogs,  owing 
to  the  early  occurrence  of  death  from  paralysis  of  the  respiratory- 
centre.  Their  higher  cerebral  development,  with  the  consequent  well- 
marked  psychical  symptoms,  also  complicates  matters.   Very  ex- 
cellent descriptions  of  its  action  on  the  higher  animals  have  been 
given  by  von  Anrep  and  U.  Mosso,  and  to  their  papers  I  must 
refer  the  reader  for  details.   The  observations  on  man  have  been 
carried  out  chiefly  with  preparations  made  from  the  leaves,  and 
therefore  containing  a  mixture  of  the  alkaloids.  _ 

On  iAei?ram.— A  comparison  of  the  action  of  drugson  the  brains 
of  frogs  and  the  higher  mammals  opens  up  a  very  wide  question,  but 
at  present  we  may  refer  to  three  well-known  substances  which  are 
commonly  regarded  as  cerebral  stimulants— alcohol,  morphme, 
and  caffeine,  ,  ^  . 

After  a  dose  of  alcohol  a  frog  at  once  shows  symptoms  ot  cere- 
bral depression,  but  in  the  higher  mammalia  there  is  a  stage  ot 
apparent  stimulation.  It  is  generally  recognised,  however,  that 
the  excitement  is  due  to  paralysis  of  the  higher  centres,  and  con- 
sequent loss  of  inhibitory  and  co-ordinating  power  between  the 
different  parts  of  the  brain,  .    ,    .    .  „ 

Morphine  also  from  the  beginning  paralyses  the  brain  m  trogs, 
but  regarding  its  action  (especially  in  minute  doses)  on  mammalia, 
there  is  considerable  difference  of  opinion,  some  authors  holding 
that  it  paralyses  from  the  commencement,  and  that  the  apparent 
stimulation  is  really  due  to  this,"  while  others  consider  it  as  having 
a  primary  directly  stimulating  effect  on  the  grey  matter  of  the 
cerebrum. *2  With  very  small  doses  it  is  said  to  have  only  this 
latter  action,  which,  with  larger  amounts,  is  thought  to  be  more 
or  leas  completely  masked  by  the  subsequent  narcosis.  

■nWitkov/ski,  ArcMvf.expt.  Path.  vu,2il.  . 
42  Harley,  Old  Vegetable  Neurotics;  Notlinagel  and  Eossbach,  Arzneimit- 

tellehre. 
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With  caffeine  there  are  in  the  I'rog  no  special  brain  symptoms, 
but  in  mammalia  there  is  long-continued  stimulation  followed  by 
exhaustion.  No  primary  depressing  effect  on  the  brain  has  ever 
been  described,  but  Filehne'^  i^as  shown  that  in  the  frog  there  is 
depression  of  the  cord  before  the  advent  of  increased  reflex  ex- 
citability. ,  ,  ^, 

In  large  doses  all  these  bodies  act  as  paralysants,  but  there  can 
be  no  doubt  that  in  small  amounts  they  increase  the  working  power 
during  mental  or  muscular  exhaustion.  Whether  they  do  this  by 
stimulating  or  paralysing  certain  parts  of  the  nervous  system  has 
yet  to  be  definitively  determined.  Experiments  on  man  with  coffee, 
alcohol,  and  morphine"  have  shown  that  small  quantities  shorten 
the  reaction  time,  while  Freud'^  states  that  cocaine  also  does  so. 
These  bodies,  therefore,  in  not  too  large  amounts,  certainly  increase 
the  rapidity  of  nervous  action. 

The  cocaine  action  seems  to  lie  midway  between  that  of  mor- 
phine and  caffeine.  Caudwell'^  found  on  himself  that  small  doses 
(half  a  grain  hydrochlorate  of  cocaine)  caused  drowsiness,  while 
larger  doses  caused  only  transient  drowsiness,  followed  by  persist- 
ent wakefulness  and  power  of  work. 

Small  amounts  carefully  administered  to  rabbits  also  cause 
well-marked  quietude.  With  medium  or  rather  large  doses  one 
often  sees  great  excitement,  and  symptoms  of  inability  of  different 
parts  of  the  brain  to  work  in  harmony  and  to  control  each  other. 

The  subjective  phenomena  bear  in  some  respects  a  close  resem- 
blance to  those  observed  after  not  very  large  doses  of  morphine, 
whilfi,  on  the  whole,  more  nearly  resembling  those  of  caffeine. 
The  exalted  feeling  of  general  well-being  is,  however,  more  marked 
than  with  the  latter. 

Von  Anrep  describes  in  dogs,  after  very  large  doses,  constant 
restlessness  and  hallucinations,  the  whole  train  of  symptoms  re- 
minding one  of  a  case  of  acute  delirious  mania  in  man.  Magnan 
and  Saiu-y"  also  describe  hallucinations  of  sight,  hearing,  and 
smell  in  three  cases  of  cocaine  habit,  but  less  marked  than  one 
sees  in  delirium  tremens.  There  were  present  in  addition  difficult 
ideation  and  delirium.  It  is  possible  that  such  symptoms  may 
arise  from  overstimulation  of  the  brain,  but  the  most  probable 
explanation  is  that  they  are  due  to  paralysis.  The  experiments 
of  Tumass  (direct  application  to  the  cerebral  cortex),  and  the 
general  symptoms  after  large  doses,  bear  out  this  view.  It  seems 
probable,  however,  that  the  secondary  effect  of  small  doses  is  that 
of  a  direct  cerebral  stimulant. 

Different  individuals  react  very  differently  to  all  such  sub- 
stances and  to  different  dosage,  a  fact  which  has  been  specially 
drawn  attention  to  by  Mosso  in  the  case  of  dogs  with  cocaine. 

The  actions  and  symptoms  are  otherwise  essentially  the  same 
as  in  frogs.  A  dog,  after  hypodermic  injection  of  cocaine,  may 
become  less  lively  or  excited  according  to  temperament,  but  there 
is  always  loss  of  co-ordination  and  indifference  to  stimuli. 
General  sensibility  becomes  much  depressed,  and  the  symptoms 
of  alterations  in  sensibility  precede  the  symptoms  of  motor 
paresis.  Mosso  says  that  when  a  dog  was  still  standing  up  and 
able  to  move  about,  he  could  press  with  the  whole  weight  of  his 
foot  on  its  hind  toe  without  causing  a  movement.  The  convul- 
sions, when  present,  come  on  at  intervals,  and  are  succeeded  by 


*3  Filehne,  Archivf.  Anat.  u.  Phi/siol.,  1886,  72. 
**  Dictl  and  Vintschgau,  PJl'dr/er'x  Arcliiv  xvi,  1878,  316. 
45  Freud,  Chl.f.  d.  me'd.  Wiss.,  1885,  636. 
•16  Journal,  1885,  i,  17. 
4'  Magnan  and  Saury.  Comptes  liend.  de la  Soc.  de  Biol.,  1889,  60. 


great  exhaustion.  They  are  said  not  to  be  reflex,  but  to  depend 
on  stimulation  of  the  medullary  centres.  Both  Mosso  and  von  . 
Anrep,  however,  found  that  the  spinal  cord  is  in  a  state  of  in- 
creased excitability,  but  is  less  sensitive  to  stimuli  from  the  skin 
and  can  be  readily  exhausted,  just  as  we  have  seen  to  be  the  case 
in  frogs. 

I  have  found  in  rabbits  that  the  convulsions  may  be  pr  evented 
by  keeping  up  artificial  respiration.  A  similar  observati  on  has 
been  previously  made  as  regards  caffeine  and  strychnine,  but  the 
exact  reason  is  unknown.  In  mammalia,  death  occurs  always 
before  the  motor  nerv^es  are  appreciably  affected.  Mosso  states 
that  with  very  large  doses  in  dogs  death  may  occur  with  symptoms 
of  paralysis  only. 

Cocaine  has  a  very  marked  action  as  a  general  analgesic, 
besides  its  local  antesthetic  action.  Livierato*^  found  that 
its  subcutaneous  injection  at  any  point  eases  the  pain  in  neur- 
algia, and  hence  its  effects  must  be  central  as  well  as  local. 
The  following  experiment  by  Grasset,'''  shows  the  same  thing 
even  more  clearly.  He  injected  0.01  gramme  of  cocaine  hydro- 
chlorate  under  the  skin  of  the  abdomen  in  a  monkey,  producing 
local  antesthesia  in  five  minutes.  After  seven  minutes,  however, 
pinching  the  nose,  touching  the  cornea  or  irritating  the  larynx 
called  forth  no  reflex.  The  animal  was  perfectly  quiet  and  sensi- 
ble. This  condition  lasted  for  eighteen  minutes.  It  is  difficult  to 
say  how  much  the  brain  was  affected  in  such  a  case,  but  the  con- 
ducting power  of  the  cord  must  have  been  greatly  diminished. 
Magnan  and  Saury  report  a  certain  degree  of  analgesia  in  their 
cases,  while  Laborde^"  also  regards  it  as  diminishing  general 
sensibility  (guinea  pigs),  but  from  cerebral  causes.  On  the  other- 
hand,  Arloing^i  and  Laffont"  hold  that  it  has  this  action  only 
in  very  large  doses. 

Hepburn"  has  found,  on  himself,  that  after  repeated  injection 
of  small  doses  there  was  general  diminution  of  tactile  sensibility, 
so  that  he  felt  as  if  he  were  standing  on  cushions,  a,n  observation 
which  I  can  confirm  from  my  own  experience.  It  is  hardly  neces- 
sary to  point  out  again  that  this  is  a  symptom  seen  in  locomotor 
ataxy,  and  that  it  is  due  to  deficient  conduction  of  sensory  im- 
pressions by  the  cord.  The  latter  is  certainly  the  most  potent 
factor  in  the  diminution  of  general  sensibility,  much  more  so  than 
any  narcotic  action  on  the  brain.  As  the  implication  of  the  spinal 
cord  has  been  already  so  fully  discussed  in  the  case  of  frogs,  it  i» 
unnecessary  to  go  into  the  matter  further. 

Experiments  with  Cocamine.—The  alkaloid  was  given  dis- 
solved in  a  very  dilute  hydrochloric  acid  solution,  exactly- 
neutral  in  reaction,  and  freshly  prepared  each  day,  as  it  is  very 
apt  to  decompose.  When  administered  in  small  doses  coca- 
mine  has  a  very  evident  and  marked  action  as  a  general  stimu- 
lant. The  frog  shows  this  well,  becoming  alert,  excited,  restless, 
and  capable  of  taking  leaps  much  in  excess  of  its  usual  perform- 
ance. There  is  a  faint  increase  in  the  reflexes;  the  muscles 
respond  with  great  sharpness  to  the  nervous  impulses,  and  thus 
there  is  brought  about  the  change  in  the  animal's  bearing.  Such 
effects  are  seen  with  |  to  1  milligramme  subcutaneously,  and  last 
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for  the  greater  part  of  a  day.  When  this  dose  is  increased  to  2 
milligrammes,  the  symptoms  observed  vary  a  good  deal  in  dit- 
ferent  cases.  They  may  be  similar  to  those  just  described,  but 
more  usually,  along  with  a  slight  tendency  to  increased  reflex,  we 
get  signs  of  nervous  and  muscular  depression,  such  as  loss  ot 
precision  in  movement,  resting  head  on  table,  indifference  to 
stimuli,  slowing  of  respiration,  unwillingness  to  move,  and 
muscular  stiffness.  Although  the  spinal  reflexes  are  increased, 
the  cord  tends  to  rapid  exhaustion  of  the  nature  described 
under  cocaine.  The  pupil  is  dilated.  The  symptoms  of  depres- 
sion of  the  nervous  system  usually  pass  off  in  a  few  hours,  but 
the  increased  reflex  and  the  muscular  stiffness  persist  for  many 
days.  There  is  always  deep  antesthesia  at  the  place  of  injection, 
and  the  motor  nerves  may  be  also  slightly  depressed  in  excita- 
bility. 

With  4  to  5  milligrammes  there  is  sometimes  no,  sometimes  a 
very  short,  period  of  stimulation  followed  by  deep  depression, 
but  by  next  day  the  latter  has  usually  passed  off,  leaving  only 
the  spinal  and  muscle  symptoms.  Such  doses  may  or  may  not 
prove  fatal.  With  large  doses  (0.01  gramme)  there  is  generally 
no  preliminary  stimulation,  but  there  sets  in  a  rapidly-deepening 
paralysis  of  the  nervous  and  muscular  systems.  In  a  short  time 
(usually  about  a  quarter  of  an  hour)  the  frog  is  quite  flaccid, 
respiration  ceases,  the  pupils  are  extremely  small,  and  the  animal 
responds  to  severe  stimulation  only  by  a  slight  twitch.  The  con- 
dition of  the  cord  and  motor  nerves  is  practically  the  same  as  in 
cocaine  poisoning,  but  there  is  much  greater  paralysis  and  tend- 
ency to  exhaustion  of  the  cord,  while  the  flaccid  tetanic  explo- 
sions are  not  nearly  so  violent  nor  so  readily  called  forth.  The 
motor  nerves  are  also  more  profoundly  affected  than  after  cocaine, 
for  if,  wben  the  frog  is  in  this  condition,  the  sciatic  nerve  be 
stimulated  with  any  strength  of  current,  only  a  mere  twitch  of 
the  leg  muscles  ensues  on  the  first  application  of  the  electrodes, 
and  none  on  the  second.  One  centigramme  is  always  a  lethal 
dose  if  given  subcutaneously.  After  its  administration  the 
muscles  at  the  point  of  injection  soon  become  less  excitable,  and 
are  generally  dead  in  about  an  hour,  while  the  more  distant 
muscles  only  very  slowly  become  impaired  in  irritability.  When 
the  alkaloid  is  given  by  the  mouth  the  muscles  are  poisoned  mora 
gradually  and  equally,  those  which  receive  the  largest  blood  supply 
dying  soonest,  but  usually  only  after  some  days. 

Cocamine  is  an  extremely  active  muscle  poison,  and  on 
injection  subcutaneously  is  rapidly  absorbed  by  the  neighbouring 
muscles,  which  pass  into  a  condition  of  rigor  mortis,  if  the  dose 
be  large  enough.  From  what  has  been  previously  said,  however, 
it  is  evident  that  with  small  amounts  the  muscle  protoplasm 
must  suffer  only  such  chanf?es  as  can  be  recovered  from  with 
comparative  ease,  and  which  do  not  proceed  so  far  as  rigor 
mortis.  With  large  doses  the  local  rigor  gradually  spreads  to  the 
more  distant  muscles,  those  which  receive  most  blood  being  most 
affected.  Frequently  after  death  the  muscles  furthest  from  the 
heart,  such  as  those  of  the  forearm  and  leg,  contract  quite  well 
to  electric  stimulation,  while  all  the  others  are  non-excitable.  If 
the  solution  be  injected  into  a  fleshy  part,  such  as  the  thigh,  we 
may  often  enough  find  that  one  half  of  a  muscle  is  quite  dead  and 
non-contractile,  while  the  other  half,  which  has  not  absorbed  the 
cocamine  solution,  contracts  apparently  as  usual.  Gradually, 
however,  the  whole  muscle  dies.  Stronger  proof  could  hardly 
be  given  of  the  great  tendency  of  muscle  protoplasm  to  absorb 
these  bodies. 
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The  contraction  of  the  muscles  as  they  pass  into  rigor  mortis 
may  alter  the  attitude  of  the  frog,  the  spinal  column  being  bent 
round  one  way  or  the  other,  according  as  the  injection  has  been 
made  under  the  skin  of  the  chest  or  back.  Non-striped  muscle  is 
also  acted  upon,  but  the  effects  can  be  better  observed  in  mam- 
malia. The  heart  is  considerably  affected,  becoming  slow  and 
feeble,  and  usually  stopping  in  diastole  much  dilated  with  blood. 
When  the  ventricle  has  ceased  to  beat,  the  auricles  often  keep  on 
for  some  time  longer.  In  one  or  two  cases  the  heart  was  found 
empty,  contracted,  and  with  a  shrivelled  appearance. 

With  large  doses  death  in  frogs  is  due  to  stoppage  of  the  heart, 
usually  on  the  first  day,  while  with  smaller  doses  it  frequently 
occurs  many  days  after  administration  from  exhaustion  and 
muscle  poisoning. 

In  experimenting  with  2-milligramme  doses,  I  noticed  very 
great  differences  iu  the  effects  on  different  frogs,  these  being 
probably  explainable  by  the  amount  of  the  poison  absorbed  by 
the  muscles  locally.  If  the  cocamine  be  all  so  absorbed 
at  once,  then  the  nervous  system  is  only  affected  when  the 
alkaloid  leaves  the  muscles  and  gets  into  the  blood ;  it  enters 
the  circulation  slowly,  and  produces  slight  but  long-continued 
increase  of  the  spinal  reflexes.  If,  however,  part  of  it  enter  the 
circulation  at  once,  we  immediately  have  symptoms  of  spinal 
excitement  or  depression,  according  as  the  amount  is  small  or 
great.  If  the  cord  itself  be  exposed,  and  a  solution  of  cocamine 
directly  applied  to  it,  we  find  that  we  get  increased  reflex 
or  extreme  paralysis  according  to  dosage.  When  given  per  os,  its 
excessive  action  on  the  local  voluntary  muscles  is  avoided,  but 
the  symptoms  are,  generally  speaking,  the  same  as  by  subcu- 
taneous injection.  The  only  difference  in  its  action  on  the  two 
species  of  frog  seemed  to  be  that  rana  esculenta  requires  rather 
larger  doses  than  rana  temporaria  to  produce  the  same  effects, 
while  in  the  former  the  muscles  are  not  so  susceptible  to  the 
action  of  the  alkaloid. 

Comparing  its  action  on  frogs  with  that  of  cocaine,  we  see 
that  in  very  small  doses  cocamine  has  a  great  tendency  to 
cause  increased  reflex  excitability.  Larger  doses  act  on  the  ner- 
vous system  as  cocaine  does,  but  more  powerfully,  and  a  much 
smaller  amount  is  lethal.  Lastly,  its  action  on  muscle  is  much 
more  marked,  and  complicates  the  symptoms  somewhat. 

Experiment  xii.— Rana  temporaria.  33  grammes.  11.26.  0.002 
gramme  cocamine  in  |  cubic  centimetres  subcutaneously.  11.35. 
Has  been  very  active  and  lively,  and  takes  very  long  jumps. 
12.0.  Has  been  constantly  active;  pupils  very  dilated.  12.20. 
Slight  increase  in  reflexes  ;  very  active.  3.40.  Still  same;  jumps 
great  distance,   4.30.  Same  faint  increase  in  reflexes  and  great 

activity.  „  .  . 

Second  day.  All  effects  passed  off  except  faint  increase  in  re- 

Experiment  xiii.— Rana  temporaria.  32  grammes.  11.26.  0.002 
gramme  in  i  cubic  centimetres  under  skin  of  chest.  11.35.  Very 
active,  but  jumps  with  slight  loss  of  precision.  11.45.  Not  so 
lively,  but  jumps  well  and  actively.  12.0.  Head  resting  on  table  ; 
very  unwilling  to  move  ;  there  is  now  increase  in  reflexes  ;  pupils 
large.  1.10.  Increase  of  reflexes  much  greater,  otherwise  same. 
2.40.  Sitting  up ;  active,  pupil  dilated,  reflexes  greatly  increased. 
4.20.  Same. 

Second  day.  Active  and  lively ;  reflexes  increased  ;  unwilling  to 
jump  owing  to  shock  on  landing. 

Tliird  to  tifth  day.  Slight  increase  in  rofl^xes. 
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Sixth  day.  Reflex  increase  passed  off :  great  muscular  weakness. 

Seventh  to  thirteenth  day.  Gradually  became  unable  to  move. 

Fourteenth  day.  Died;  muscles  of  chest  and  of  back  quite  irre- 
sponsive to  electric  stimulation ;  those  of  legs  and  arms  impaired. 

Experiment  xiv.— Raua  esculenta.  48  grammes.  12.4.  0.01 
gramme  cocamine  in  j  cubic  centimetre  under  skin  of 
chest.  12.7.  Has  been  jumping  about  actively,  12.9.  Much 
less  active;  respiration  slowed;  pupils  medium.  12.11, 
Can  scarcely  jump;  reflexes  diminished,  12.15.  Head  on 
table;  respiration  ceased;  lies  on  back;  pupils  smaller; 
gives  only  a  faint  twitch  on  severe  irritation ;  sciatic  nerve  ex- 
posed and  stimulated ;  on  first  stimulation  there  is  a  slight  twitch 
of  leg,  and  on  second  stimulation  no  movement ;  the  stimulation 
calls  forth  no  reflex  in  other  leg.  5.15.  Has  remained  same; 
muscles  at  point  of  injection  contract  very  feebly  with  strong 
current ;  other  muscles  about  normal. 

Second  day.  Heart  stopped  ;  muscles  at  point  of  injection  do  not 
contract,  others  are  slightly  impaired. 

Experiment  xv. — Rana  temporaria.  24  grammes,  1,28.  0.01 
cocamine  in  solution  per  os.  1.50.  Has  gradually  become 
a  little  more  sluggish.  2,0,  More  disinclined  to  jump;  chin  on 
table,  but  if  irritated  jumps  very  well ;  lies  on  back  if  quietly 
placed  there ;  faint  increase  in  reflexes,  2.16,  Very  distinct  increase 
in  reflexes ;  pupils  large,  2.30.  Reflexes  much  increased ;  gives  a 
violent  start  if  touched.  3.15,  Very  great  increase  in  reflexes,  but 
not  tetanus.  3.40,  Slightest  stimulation  now  brings  on  a  tetanic 
spasm,  but  of  short  duration,  and  succeeded  by  great  exhaustion. 
4.30.  Same. 

Second  day.  Still  considerable  increase  'in  reflexes.  There  was 
a  gradual  return  to  normal. 

Experiment  xvi. — Rana  temporaria.  27  grammes.  12.45.  0.025 
cocamine  in  solution  per  os.  1.0.  Lies  flaccid,  chin  and  belly 
on  table;  if  irritated,  kicks  out  legs,  but  cannot  jump.  1,15. 
is  now  very  flaccid;  if  leg  be  pinched  there  is  only  a  feeble  twitch 
or  no  response;  cannot  jump,  ceased  to  respire;  corneal  reflex 
present ;  pupils  large.  2.15,  Strong  interrupted  current  applied 
to  motor  nerves  causes  very  slight  muscular  contraction.  2.45. 
Gives  no  response  on  irritation ;  lying  as  if  dead. 

Second  day.  Sitting  up;  jumps  well;  reflexes  greatly  increased. 

Third  day.  Reflexes  much  increased. 

Fourth  day.  Very  slight  increase  in  reflexes ;  lying  very  limp 
and  depressed,  and  shows  signs  of  great  muscular  weakness  ;  can 
no  longer  jump.  12.30.  Died;  heart  in  diastole  ;  all  the  muscles 
impaired,  but  none  dead ;  nerves  are  quite  excitable. 

Mammalia. — When  0.03  to  0.04  gramme  is  given  subcutaneously 
to  a  rabbit,  there  may  be  no  symptoms,  but  sometimes  restless- 
ness and  mental  excitement  are  seen.  Gramme  0.05  causes  in  a 
few  minutes  great  dilatation  of  pupils,  restlessness,  and  slight 
but  well-marked  increase  in  the  reflexes.  All  this  passes  off  in 
an  hour  or  so,  and  is  succeeded  by  a  distinct  desire  to  sit  quiet 
and  not  move  about. 

Gramme  0.08  gave  more  pronounced  symptoms— marked  rest- 
lessness, great  dilatation  of  pupils,  tremulousness,  and  slightly 
increased  reflexes.  But  the  most  typical  effects  are  weakness  of 
gait,  depression  of  general  sensibility,  and  tendency  to  lie  down, 
while  the  mental  faculties  seem  quite  active.  When  roused,  the 
rabbit  runs  about  actively,  but  as  soon  as  it  is  left  to  itself  sub- 
sides again.  Respiration  is  somewhat  quickened;  the  heart  main- 
tains its  rate,  but  the  beat  is  usually  feebler. 

Gramme  0.1  always  proved  a  fatal  dose  (1290  to  2080  gramme 
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rabbits),  death  sometimes  occurring  in  a  few  minutes  from  para- 
lysi^  of  respiration,  sometimes  only  ^^^^.-f.^^'l^f^  ^^^up^^^^^ 
the  latter  case  there  was  always  enormous  dito^^f  ^  ^f^l 
indifference  to  stimuli,  and  g^^at  muscular  weakness  the  animal 
Ivins  down  and  sprawling  out  its  legs.  Sometimes  there  was 
nl'fcreale  in  the  Lflexesfbut  usually  the  rabb^^^^ 
slight  spontaneous  starts,  which  could  also  be  elicited  by  stimuia 
t  on.  The  heart  became  feeble  and  fluttermg,  ^^^^^^^^  ^^^^I 
tained  its  rate,  while  the  respiration  became  quickened,  super 

^7Lt.^^t&:X'^o.^^  caused  great  depression  1^^^^ 
ing  for^about  fi5e  hours,  while  6  grammes  Proved  fatal  after 
twelve  hours.  In  both  cases  there  were  no  signs  of  increasea 
spinal  excitement,  but  simply  great  muscular  depression. 

In  cats  (1680  to  2400  grammes)  0.3to0.4  gramme  was  a  lethal  dose 
admiSired  subcutaneously.  Small  doses  caused  exci  ement 
dilatation  of  pupils,  twitching  of  tail,  ears,  and  muscles  of  W  and 
neck,  while  2  decigrammes  or  more  produced  great  muscular  and 
Servous  depression,  frequent  vomiting,  severe  ^^^^^  ^'t  i^^^^^^ 
wPflkness  of  gait.  There  was  either  no,  or  a  very  slight,  increase 
rthe  Sexef  When  given  by  the  mouth  it  was  invariably  re- 

"SSil^fsym'^^-n'The  action  oE  cocamine  on  rabbits 

Sance  wWle  less  violent  co^^^^  pass  continuously  over 

pearance,  wuue  icb  t^jq  bowel  is  in  a  similar  condi- 

J?orST  hi  k^^^^^^^^^^  wall  and  much  diminished 

inmPiT  The  bladder  is  empty  and  strongly  contracted. 

M  theDoLt  of  subcutaneous  injection  the  muscular  fibres  no 
loitVr  resS  to  electric  stimulation,  while  the  other  muscles 
cTnScrqSe  4ell  or  feebly,  according  to  the  t-e  -hich  has 

curred  rapidly ,  th^^^^  sometimes  quite  normal  in  excitabi- 
soned.   The  sciauc  nerve  la  h  ^^^^^ 

SkTy,"aS  "mSkeT  '^^heart^is  sometimes  in  systole, 
sometimes  in  moder^^^  cocamine  is  a  muscle 

exercfses  on  the  nervous  system  an  action  re- 
P°'n^;,.  ?LTf  cocaine  The  cause  of  death,  when  it  occurs 
Iwlv  ^i  due  trgr^^^^^  poisoning  of  the  respiratory 
slowly,  18  /^ue  1.U  g  occurs  rapidly  it  is  from  paralysis  of 
muscles;  while  when  ^^^^^^J^.o^^erves  are  never  sufficiently 
the  respiratory  centre    The  moto^^^^^  ^.^^^^^ 

affected  to  be  paralysed     ihe  vomit   g         ^i^^g^tary  canal, 
to  the  ^^olent  contraction  of  the  waUs^o  ^^^^y 
In  ^ammaha  w^en  given  ^^^^^^^^  :y^^^^^^^  ^^^^^^  tem. 

Tlf  wf  r7n  Kve  is  sl^^^^^^^  excitement  and  a  slight  in- 
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by  the  muscles  that  only  a  small  quantity  ever  reaches  the 
Bpinal  cord.  To  ascertain  whether  direct  injection  into  the  blood 
would  cause  its  carriage  to  the  central  nervous  system,  I  admi- 
nistered 0.05  gramme  in  1  cubic  centimetre  to  a  rabbit  per  venam 
jugularem,  but  death  ensued  at  once,  apparently  from  paralysis  of 
the  heart.  The  animal  gave  a  few  gasps  and  expired.  In  another 
rabbit,  0.03  gramme  was  injected  into  the  left  femoral  artery. 
The  animal  was  at  first  rather  collapsed,  and  could  not  sit  up,  but 
recovered  greatly  in  about  half  an  hour.  There  were  no  sym- 
ptoms of  increased  reflex.  Four  minutes  after  the  injection  it  was 
observed  that  the  left  leg  was  quite  helpless.  Three  hours  after 
administration  the  rabbit  was  killed,  it  being  then  apparently 
quite  normal,  with  the  exception  of  paralysis  of  the  left  leg.  All 
the  muscles  supplied  by  the  femoral  artery  below  the  point  of  in- 
jection were  quite  dead,  all  other  muscles  of  the  body  being  appa- 
rently normal.  In  the  left  thigh  the  lower  parts  of  many  muscles 
were  non-excitable  to  the  strongest  currents,  while  the  upper 
parts  reacted  quite  well.  The  left  sciatic  nerve  was  also  non- 
excitable,  motor  nerves  elsewhere  being  normal.  It  is  evident, 
therefore,  that  the  muscles  locally  must  absorb  the  isatropyl- 
cocaine  to  a  large  extent,  and  prevent  it  reaching  other  parts  of 
the  body  in  sufBcient  quantity  to  give  rise  to  very  marked 
symptoms. 

Direct  injection  of  a  solution  into  the  cord  was  also  tried.  The 
spinal  cord  of  a  rabbit  was  exposed  under  ether,  and,  when  the 
animal  had  recovered  from  the  anaesthetic,  0.005  gramme  in  solu- 
tion was  injected  posteriorly  into  the  cord  substance.  In  about  one 
minute  there  was  complete  motor  and  sensory  paralysis  of  the 
posterior  half  of  the  body,  while  the  anterior  half  did  not  seem 
at  all  affected.  After  waiting  some  hours  the  animal  was  in  statu 
quo,  and  then  the  same  quantity  was  injected  anteriorly.  Para- 
lysis rapidly  ensued  from  behind  forwards,  and  the  animal  died  in 
a  few  minutes  from  failure  of  respiration.  I  did  not  care  to  re- 
peat this  experiment  with  much  smaller  doses,  as  the  results  on 
frogs  showed  conclusively  (as  well  as  the  general  symptoms)  that, 
if  the  dosage  be  chosen  sufficiently  small,  we  get  a  marked  in- 
crease in  the  reflexes. 

Experiment  xvii.— Eabbit.  1,290  grammes.  Heart  30 ;  respira- 
tions 19  in  ten  seconds.  12.5.  0.1  cocamine  in  2  cubic 
centimetres  subcutaneously.  12.7.  Pupils  widely  dilated ;  respi- 
rations 17.  12.10.  Active,  lively,  and  running  about ;  pupils  very 
dilated;  heart  30;  respirations,  25.  12.12.  There  is  very  great 
trembling  of  legs  and  body,  and  reflexes  seem  slightly  increased ; 
legs  are  sprawled  out  at  right  angles  to  body.  12.16.  Heart  29; 
respirations,  26 ;  pupils  enormously  dilated ;  occasionally  gives  a 
slight  spontaneous  start,  and  reflexes  slightly  increased  on  stimula- 
tion ;  chin  rests  on  table.  12.18.  There  is  extremely  marked,  and 
rapidly  increasing  muscular  weakness.  Animal  lies  now  on  belly, 
half  resting  on  one  side  with  chin  on  floor ;  cannot  stand  up ; 
gives  on  stimulation  a  slight  start ;  respiration  15.  12.22.  Much 
worse ;  lying  quite  flaccid  and  collapsed ;  pupil,  small  medium  ; 
respiration  7,  deep  and  laboured ;  does  not  start  on  stimulation ; 
heart  cannot  be  felt.    12.25.  Died  quietly. 

Experiment  xviii.— Cat.  2,600  grammes.  11.36.  0.2  coca- 
mme  in  5  cubic  centimetres  subcutaneously.  11.40.  Pupils 
larger,  salivating.  11.41.  Vomited.  11.44.  Pupils  very  dilated- 
looks  about  suspiciously,  and  twitches  tail;  no  increase  in  re- 
flexes. 11.48.  Vomited  and  defsecated ;  gait  feeble.  12.0.  Gait 
feebler;  lying  down;  head,  ears,  and  jaws  twitch  frequently 


pupils  very  dilated.   12.2  Vomited.   12."l2.  Very  extreme 


ne88  in  gait,  can  scarcely  stand,  and  is  very  limp  :  gives  an  occa- 
rfonal  twitch  of  tail  or  one  leg    2.0.  Has  been  ^^^^'f^S  ^.^^^^ 
deal  -  is  very  weak.   3.30.  Weakness  has  increased -,163  on  belly, 
and  when  raled  up  its  legs  sprawl  out,  and  are  ^^-ble  |o  support 
it ;  pupils  dilated  ;  there  has  been  no  trace  of  increased  reflex  on 
stiniulation.    3.45.  Vomited  after  violent  retching.   5.0.  Very  de- 
pressed, but  recovering  slowly. 
Second  day.  During  night  has  had  violent  diarrhoea. 
Third  day.  Is  still  weak,  hut  rapidly  recovering. 
Anc^sthesia.-When  locally  applied  m  neutral  solution  coca- 
mine  salts  exert  an  anaesthetic  action,  which  is  ^^^'/.^^^^^ff: 
anything  like  so  powerful  as  that  of  cocaine  salts,    ihe  base  it 
self  may  be  kept  in  the  mouth  for  a  long  time,  and  no  trace  of 
numbness  be  felt.   It  is  both  weak  in  action  and  very  insoluble 
in  water,  and  hence  the  absence  of  numbness. 

The  following  experiments  show,  more  clearly  than  any  oe- 
scription,  the  extent  and  duration  of  local  ana3Sthesia,  after  the 

application  of  cocamine.  .  t,,,^,^^„ui„_:^ 

Experiment  xix.-Rabbit.  10  per  cent,  solution  m  hydrochloric 
acid  and  water.  3.52.  Four  drops  in  left  eye;  shut  eye  at  once 
and  evidently  felt  some  smarting.  3.56.  Sensitiveness  of  ett 
lovnel  much  diminished,  but  not  abolished ;  not  n^^^^h  irritation. 
4  5  Feels  touching  cornea  with  needle,  but  riot  acMtely.  ^.^0. 
In  Jthesia  is  still  very  considerable,  but  is  beginning  to  pass  off 
cornea  hyperjemic.  5.0.  AnjBsthesia  now  ^^^Y  f^S^^'  Anl- 
good  deal  of  irritation  of  cornea  and  conjunctiva.   o.20.  Anjes- 

^'EteSnf^x^x^E^^^^^  5  percent,  solution  2.15^ Four 
larg?  drTps  in  lef t  eye ;  winked  frequently  and  rubbed  eye 
with  mw  219.  Slight  anesthesia;  cornea  hyperemic.  2  21. 
CstEa  mlrked,  b?it  not  complete,  2.26.  An-thesia  g-adu- 
ally  passing  off.  2.28.  Is  quickly  passing  off.  ^.30.  Both  cornese 
equally  sensitive;  left  is  irritated.  m  t^ot- PPnt  5 

ExDeriment  xxi.— Experiments  on  my  own  eye;  10  per  cent.,  £> 
per  Snt  and  21  per  cent,  solutions  were  used.  There  was  alwaya 
Kme  S  tation,  even  when  the  solution  was  quite  fresh  When 
SHol™ was  prepared  for  more  than  a  few  minutes  it  became 
brownXand  caused  great  pain,  in  some  cases  as  marked  as  if 
pepper  haS  been  throw^n  into^he  eye.  There  ,  .^^^^^J^^^^^^; 
diate  hypereemia,  and  sometimes  a  persistent  feeling  of  dryness 

'''^wo  and S half  percent  solution  fresh.   3.38  Three  .drops  in 
left  eve  there  was  at  once  slight  smarting  and  hyperemia.  3.42 
^efVSnea  less  sensitive  tSan  ^ght.    3.45.  Dis^^^^^^^ 
great  impairment  of  sensitiveness.    3.55.  Both  cornese  equally 
sPTisitive-  left  is  a  little  hypertemic  and  feels  dry. 

N^Sla'tat  on  of  the  pupil  was  ever  observed.    A  10  per  cent, 
solution  applied  to  tongue  for  10  to  15  minutes  only  caused  very 

'"SrS\h? 'iight  which  the  foregoing  investigation  throws 
on  the  relation  between  the  chemical  constitution  and  physio- 
logical action  of  the  coca  alkaloids  little  can  be  said.  Cocaine 
iLdf  iff eSs  chiefly  the  nervous  system,  first  as  a  transient  depres- 
sant and  then  as  a  stimulant,  the  action  on  muscle  being  feeble. 
When  by  losina  methyl,  which  is  replaced  by  hydrogen,  benzoylec- 
Conine  is  formed  from  it.  we  have  from  the  first  a  stimulant  action 
She  nervoiS  sysJem  and  on  muscle,  both  of  which  actions  may  be- 
i:^e%S^liI^^^^i  a  large  dose.  When  benzoyl  is  ehm^^^^^^^ 
form  ecaonme,  the  same  actions  remain,  but  much  milder.  It  is  evi 
dlT,  the?efore.that  such  changes  as  the  substitution  ot  methyl  or 
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benzoyl  for  hydrogen  exercise  a  marked  influfnce  on  the  action 
of  the  molecule,  but  no  general  conclusions  can  be  drawn  regard- 
ing other  alkaloids.  It  is  probable,  however,  that  in  different 
alkaloids  the  effect  of  such  substitutions  on  the  action  will 
vary  considerably.  The  cocamine  action  resembles  that  of 
cocaine  in  many  ways,  but  it  exercises  a  profound  influence  on 
muscle,  while  that  of  cocaine,  although  visible,  is  slight.  If  its 
constitution  is  the  same  as  that  of  cocaine,  then  we  must  conclude 
that  the  substitution  of  the  isatropic  acid  for  the  benzoic  acid 
radical  is  the  cause  of  the  difference.  Both  are  diethers  of  ecgo- 
nine,  but  in  the  one  case  the  muscle-action  of  ecgonine  is  lessened, 
while  in  the  other  it  is  greatly  increased.  Deiinite  knowledge  on 
these  points  can  only  be  obtained  by  a  systematic  investigation  of 
all  the  homologues  of  cocaine. 

Hygrine. — This  body  was  first  named  and  described  by  Wohler** 
as  a  volatile  liquid  alkaloid  obtainable  from  coca  leaves,  and 
forming  a  crystalline  but  very  hygroscopic  hydrochlorate.  A 
few  drops  given  to  a  rabbit  had  no  effect  on  it.  Lossen*^ 
describes  a  method  of  isolating  it,  and  characterises  it  as  a  brown 
oily  liquid  of  high  boiling  point,  strong  alkaline  reaction,  and 
burning  taste,  with  the  usual  properties  of  volatile  alkaloids.  By 
distilling  amorphous  coca  alkaloids  in  a  current  of  steam  I 
obtained  a  body'^  which  was  recognised  as  being  identical  with 
Wiihler's  and  Lossen's  hygrine. 

Dr.  Hesse  "  has  also  described  it,  and  as  the  following  experi- 
ments were  made  with  a  specimen  which  he  kindly  prepared  for 
me,  I  shall  give  his  method  at  length.  The  mother  liquors  from, 
or  the  amorphous  coca  bases  themselves,  were  distilled  in  a  cur- 
rent of  steam,  when  the  hygrine  comes  over  mixed  with  water. 
The  distillate  was  treated  with  slight  excess  of  hydrochloric  acid, 
evaporated,  and  then  treated  with  excess  of  caustic  soda.  The 
mixture  was  then  shaken  up  with  ether,  which  dissolves  the 
hygrine,  the  ethereal  solution  was  drawn  off,  and  the  ether  evapo- 
rated, leaving  the  hygrine.  The  latter  was  further  purified  by 
repeating  the  process  of  solution  and  precipitation.  It  is  a  dark 
brown  oily  liquid,  with  a  peculiar  smell  and  burning  taste,  and  has 
all  the  properties  of  a  volatile  alkaloid.  The  hydrochlorate  is 
non-crystalline,  yellowish  white,  and  has  the  peculiar  smell  and 
taste  of  the  base  itself. 

Its  existence  has  been  denied,  and  its  composition  and  exact 
source  are  unknown.  It  is  possibly  a  pyridine  base  formed  by 
the  decomposition  of  another  alkaloid,  or  it  may  be  one  of  the 
ecgoniue  compounds  got  on  decomposing  cocamine.®'  Whatever 
it  is,  however,  it  derives  a  practical  interest  from  its  extremely 
irritating  action. 

When  one  drop  is  injected  under  the  skin  of  a  frog,  there 
ensues  almost  at  once  intense  local  hyperfcmia,  and  after  a  few 
minutes  there  is  intense  depression  and  collapse.  In  a  short  time 
the  animal  lies  as  if  dead.  On  reflecting  the  skin  at  the  place  of 
injection,  there  is  found  serous  and  bloody  exudation,  while  the 
muscles  are  infiltrated  and  friable.  This  and  the  collapse  seem  to 
be  due  to  the  intense  local  irritation.  The  heart  is  extremely 
feeble,  but  the  motor  nerves  and  muscles  all  over  the  body 
(except  locally)  seem  normal.  If  the  hygrine  be  distilled  with 
water  so  as  to  dilute  it,  and  then  10  to  20  minims  of  the  distillate 


Wohler,  Uehvj'a  Avnahn,  cxxi,  372. 
Lessen,  Liebvfs  Annalen,  cxxxiii,  352,  I860. 
lharm.  Joum.  and  Tram.,  (3)  x'ii.  8(51,  1887.    Ibid.,  xviii  701 
Hesse,  Phcrm.  Joum.  and  Trans..  (3)  xviii,  437,  1887.' 
•''s  Hesse,  Iierichte,\xii,  665. 
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be  injected,  there  is  only  slight  depression  and  local  hypersemia. 
The  animal  remains  rather  dull  for  a  day  or  two,  and  if  it  be  then 
killed,  slight  hoemorrhages  are  found  in  the  muscles  and  seroua 
membranes  throughout  the  body,  due  to  intense  local  irritation 
from  small  particles  of  the  base  carried  by  the  blood  stream.  The 
hydrochlorate,  in  doses  of  0.001  to  0.01  gramme,  had  very  much  the 
same  effect— intense  local  irritation,  with  more  or  less  consequent 
depression. 

In  rabbits,  0.02  to  0.1  hydrochlorate  of  hygrine  given  subcutane- 
ously  in  solution  caused  no  symptoms  except  local  irritation.  In 
small  rabbits,  0.15  to  0.2  gramme  caused  depression,  slight  weak- 
ness in  gait,  and  slight  tendency  to  starting  and  tremors.  There 
was  intense  irritation,  with  bloody  exudation  at  the  place  of  injec- 
tion. The  application  of  hygrine  to  my  own  tongue  caused  at  once 
burning  and  tingling,  the  formtr  soon  passing  off  but  the  latter 
lasting  for  about  an  hour. 

These  experiments  are  unfortunately  too  few  in  number  to  draw 
any  conclusions  from  regarding  the  action  of  hygrine,  but  in  such 
doses  as  the  above  it  seems  to  have  little  beyond  the  effects  con- 
sequent on  intense  local  irritation. 

Having  now  examined  to  some  extent  the  actions  of  the  more 
important  at  least  of  the  active  principles  of  coca,  we  may,  in 
conclusion,  consider  some  of  the  more  interesting  questions  with 
regard  to  the  use  of  the  leaves  themselves.  They  have  been  used 
by  the  Peruvian  Indians  from  time  immemorial,  and  all  travellers 
are  unanimous  in  bearing  testimony  to  their  value  in  preventing 
or  deadening  the  sense  of  fatigue  and  hunger,  in  supporting  severe 
and  continuous  exertion  on  a  spare  diet,  and  in  enabling  persons  to 
ascend  hills  and  breathe  the  rarefied  air  of  the  Andes  without  dis- 
tress. Most  European  observers  have  come  to  similar  conclusions» 
those  who  have  not  done  so  having  probably  used  spoiled  leaves. 
Von  Bibra  says  of  coca:  "It  satisfies  the  hungry,  lends  new 
strength  to  the  weary  and  fatigued,  and  makes  the  unhappy  forget 

his  griefs."  •,  .  • 

The  Indians  take  it  in  repeated  small  doses,  and  it  is  thu& 
that  the  greatest  benefit  is  derived  from  its  use,  as  a  large  quan- 
tity taken  at  one  time  produces  toxic  phenomena  such  as  loss  of 
co-ordination,  paresis,  incoherence  of  ideas,  and  various  disagree- 
able sensations  (Schroff,  Ott,  Mantegazza,  and  others).  In  this  it 
resembles  opium,  alcohol,  caffeine,  and  all  similar  substances. 
Further,  in  man,  the  beneficial  effects  of  such  drugs  are  most  ap- 
preciated when  the  body  or  mind  is  exhausted,  and,  with  doses 
which  produce  only  subjective  sensations  of  stimulation,  showing 
no  decided  outward  and  visible  signs  of  their  action.  Such  doses 
cause  no  symptoms  whatever  in  animals,  and  hence  a  study  of 
their  effects  can  only  be  made  on  man. 

There  is  unanimity  of  opinion  that  the  moderate  use  of  coca  is 
of  direct  benefit  to  the  Indian  in  many  ways,  while  excessive 
indulgence  is  extremely  rare.  In  Peru  and  Bolivia  no  disgrace 
whatever  attaches  to  its  habitual  use,  but  on  the  upper  Amazons 
it  seems  to  be  held  in  reprobation  (Bates).  Regarding  its  action, 
the  stimulating  effects  have  been  much  more  dwelt  upon  and 
brought  into  prominence  than  its  tranquillising  narcotic  action^ 
We  hear  chiefly  of  the  feeling  of  buoyancy  and  lightness,  the 
increased  power  of  work  and  prolonged  sleeplessness ;  but,  with 
small  doses  especially,  the  initial  effect  is  sedative.  This  narcotic 
action  has  been  observed  by  several  Europeans  on  themselves,  but 
is  well  seen  in  the  Indian,  who,  when  he  wishes  to  enjoy  the  leaf 
thoroughly,  ceases  work,  lies  stretched  out  at  his  ease,  and  masti- 
cates in  complete  silence  and  abstraction.   Only  then  is  the  pleas- 
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ure  unalloyed,  and  nothing  will  induce  him  to  interrupt  the  opera- 
tion of  chewing.  Sometimes,  when  undergoing  exceptional 
fatigue,  the  Indian  chews  coca  almost  continuously  without 
knocking  off  work,  but  in  such  cases  he  can  experience  only  its 
anaesthetic  and  stimulant  effects,  the  surroundings  being  unfavour- 
able to  mental  tranquillisation.  The  narcosis  consists  simply  in  a 
slight  dulling  of  the  central  nervous  system  to  sensory  stimuli  of 
all  kinds,  whereby  a  gentle  dreaminess  and  abstraction  from  the 
outer  world  are  induced,  and  this  is  followed  by  a  much  longer 
period  of  nervous  and  muscular  stimulation. 

There  are  thus  obtained  from  coca  the  pleasurable  effects  both  of 
morphine  and  caffeine,  the  chewer  experiencing  in  the  first  place 
the  soothing  influence  of  the  former,  but  avoiding  its  disagreeable 
after-consequences,  their  place  being  taken  by  a  buoyant  feeling 
more  marked  than  that  induced  by  caffeine.  The  complete 
absence  of  after-depression  and  mental  confusion,  results  so  often 
seen  with  opium,  is  attributable  to  this  rapidly  succeeding  stimu- 
lant effect,  and  also,  probably,  to  the  fact  that  the  coca  alkaloids 
lessen  external  influences  largely  by  depressing  the  conducting 
power  of  the  spinal  cord,  and  only  to  a  comparatively  slight 
extent  the  centres  in  the  brain.  Opium,  on  the  other  hand,  exerts 
a  prolonged  dulling  effect  chiefly  on  the  cerebrum,  which  is  fol- 
lowed, not  by  stimulation,  but  by  mental  confusion  and  heaviness. 
Large  doses  of  coca,  however,  do  cause  headache  and  mental  unfit- 
ness next  day  (Ott),  while  frequent  debauches  completely  break 
down  the  nervous  system  (Poppig).  The  Indians  lead  very 
laborious  and  monotonous  lives  in  a  trying  climate  with  insuffi- 
cient food  and  clothing,  and  the  tcedium  vitce  incidental  to  such 
an  existence  must  be  greatly  relieved  by  the  indulgence  of  coca 
chewing.  It  has  a  further  benefit  according  to  von  Tschudi.  The 
roasted  maize,  which  constitutes  almost  their  sole  diet,  tends  to 
occasion  severe  obstruction  of  the  bowels,  but  this  is  counteracted 
by  the  use  of  coca,  an  explanation  of  which  is  readily  got  from  the 
marked  action  of  the  active  principles  in  stimulating  peristalsis. 
Nevertheless  its  excessive  and  prolonged  use  brings  on  obstinate 
constipation  (Poppig),  probably  from  neuro-muscular  paralysis  of 
the  bowel. 

Its  action  in  dulling  the  sense  of  hunger  is  readily  understood, 
from  the  local  and  central  antesthetic  effect  of  cocaine  and  coca- 
mine,  while  their  subsequent  stimulating  properties  enable  the 
nervous  system  to  functionate  more  actively,  and  thus  overcome 
the  sense  of  fatigue.  The  muscles  also  (as  with  caffeine)  probably 
pass  more  easily  into  a  state  of  contraction.  Whether  coca  op 
caffeine  have  any  effect  in  diminishing  metabolism  opens  up  a 
very  wide,  and  as  yet  unsettled,  question.  The  observations 
which  have  been  made  either  with  cocaine  or  with  coca  have  not 
been  carried  out  in  a  manner  calculated  to  throw  much  light  on 
the  subject,  while  the  results  are  contradictory.  Moreno  and  von 
Anrep  iound  that  cocaine  did  not  delay  the  death  of  rabbits  by 
starvation.  Ott,  experimenting  on  himself,  got  a  slight  diminu- 
tion in  the  amount  of  urea  and  urine  excreted,  while  the  pulse  and 
temperature  both  rose.  Carter  also  saw  a  diminution  in  the 
urea,  but  Gazeau got  an  increase,  and  Espinosa  states  that 
both  the  urea  and  carbonic  acid  were  augmented.  Christison 
thought  it  lessened  the  hourly  excretion  of  urinary  solids,  but  says 
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expressly  that  his  experiments  were  insufficient  to  draw  conclu- 
sions from.  Fleischer"^  found  the  urea  and  phosphoric  acid 
diminished,  but  Da  Costa  and  Penrose  got  exactly  opposite  re- 
sults with  cocaine,  while  Bignon  is  of  opinion  that  metabolism 
is  increased.  Mason has  also  made  some  observations,  but  I 
have  not  been  able  to  obtain  the  original  paper. 

But  an  investigation  of  the  excretion  of  urea  does  not  seem  to 
me  to  be  the  proper  method  of  determining  the  action  of  such 
substances  on  metabolism.  The  excretion  of  urea  is  very  slightly 
affected  by  increased  muscular  exercise.  The  source  of  muscular 
energy  is  the  carbohydrates  of  our  food  modified  by  the  digestive 
processes,  and  the  waste  products  of  muscle  activity  are  non- 
nitrogenous  bodies.  Hence,  with  an  increase  or  decrease  of 
chemical  action  in  muscle,  one  would  not  expect  the  urea  to  be 
influenced.  As  we  have  se^n,  cocaine  has  little  action  on  muscle, 
but  cocamine  and  benzoylecgonine  affect  it  profoundly  in  the 
same  way  apparently  as  caffeine  does.  The  influence  of  caffeine 
on  urea  excretion  has  been  frequently  investigated  with  some- 
what contradictory  results,  but  this  much  is  certain,  that  it  makes 
very  little  difference  one  way  or  the  other,  so  far  as  the  total 
nitrogen  excreted  is  concerned." 

It  is  conceivable,  although  no  experimental  data  exist  to  sup- 
port such  a  supposition,  that  such  substances  as  cocamine 
or  caffeine,  which  undoubtedly  modify  the  vital  processes  in 
muscle  even  to  the  production  of  rigor  mortis,  may  also  affect  its 
chemical  activity,  so  that  it  is  capable  of  performing  an  equal  or 
greater  amount  of  work  with  a  lesser  consumption  of  carbo- 
hydrates, If  this  were  the  case,  these  bodies  would  act  as  econo- 
misers  of  food  {aliments  d'  6pargne,  Sparmittel)  not  in  the  gene- 
rally accepted  sense  of  preventing  the  breaking  down  of  the  nitro- 
genous body  tissues,  and  thereby  diminishing  the  excretion  of 
urea,  but  in  diminishing  the  consumption  of  non-nitrogenous  sub- 
stances by  the  muscles.  It  seems  hardly  probable  that  the 
wonderful  power  of  endurance  shown  by  the  Indians,  and  their 
long  fasts  while  undergoing  excessive  fatigue,  can  depend  solely 
on  stimulation  of  the  nervous  system.  There  must  be  at  the  same 
time  an  economising  in  the  bodily  expenditure,  an  idea  which  is 
further  confirmed  by  the  total  absence  of  emaciation  or  other  in- 
jurious consequences. 

In  passing,  it  may  be  interesting  to  point  out  that  caffeine  has 
an  entirely  different  constitution  from  the  coca  alkaloids.  It  ia 
not  a  pyridine  base,  but  is  trimethylxanthine  (xanthin  in  which 
three  hydrogen  atoms  are  replaced  by  methyl)  thus : 


If  it  be  the  case  that  coca  diminishes  the  consumption  of  carbo- 
hydrates by  the  muscles  during  exercise,  then  less  oxygen  will  be 
required,  and  we  have  ready  to  our  hand  an  explanation  of  its 
action  in  relieving  breathlessness  while  ascending  mountains.  At 
the  same  time  we  must  not  lose  sight  of  the  fact  that  such  an 


«3  Fleischer,  DeuUch.  Archiv.f.  Idin.  Med.,  Ixii,  82. 
6*  Da  Costa  and  Penrose,  Philad.  Med.  News,  1886. 
65  Bignon,  Bull.dc  Tlivrap.,  1886. 
60  Mason,  Boston  Med.  atidlSurg.Journ.,  1882. 
«7  Voit,  Ueber  den  Einfluss  des  Kochsalzes,  des  Cnjfees,  etc.   Miinchen,  1860. 
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effect  has  not  been  demonstrated,  and  that  the  stimulation  of  the 
nervous  system  is  probably  also  an  important  factor. 

As  I  have  had  considerable  difficulty  in  collecting  from  original 
sources  information  regarding  coca,  it  may  lighten  the  labours  of 
others  if  I  add  a  bibliography.  A  number  of  physiological  papers 
besides  those  quoted  in  the  text  have  been  published,  and  these  I 
also  give,  but  I  have  omitted  all  purely  therapeutical  and  toxi- 
cological  articles,  as  they  are  exceedingly  numerous,  and  are  to  be 
found  scattered  through  all  the  principal  medical  journals  since 
1884.  The  list,  however,  is  by  no  means  a  complete  one,  as  there 
are  many  Peruvian,  American,  and  other  foreign  publications 
which  I  have  been  unable  to  obtain.  Some  of  these  are  to  be 
found  in  the  Index  Catalogue  of  Library,  Surgeon-General's  Office, 
United  States  Army,  and  in  the  various  Dispensatories. 

Natural  History,  e^c— Garcilasso  de  la  Vega,  Royal  Comment- 
aries of  the  Yncas;  translated  by  C.  E.  Markham,  Hakluyt  Society's 
publications,  ii,  371-75.  Monardes,  The  Three  Books  of  Dr. 
Monardes  of  Sevill ;  Englished  by  John  Frampton,  London,  1596. 
Acosta,  Histoire  naturelle  et  morale  des  Indes ;  traduite  en 
Francois  par  Robert  Regnault,  Paris,  1600,  liv.  iii,  172.  Figuroa, 
Miscelanea  Austral.  152.  Ulloa,  A  Voyage  to  South  America 
(1735) ;  translated  from  the  original  Spanish,  third  edition,  Lon- 
don, 1772,  i,  344.  Unanue,  Museo  Erudito,  3-8.  Humboldt  and 
Bonpland,  Personal  Narrative  of  Travels,  etc.,  1799-1804 ;  trans- 
lated by  H.  M.  Williams,  London,  1821,  v,  648.  D'Orbigny,  Voyage 
dans  VAmerique  miridionale,  1826-33,  Paris,  1839-43,  ii,  436.  W. 
B.  Stevenson,  Narrative  of  Txoenty  Years'  Residence  in  South 
America,  London,  1825,  ii,  63-4.  Poppig,  Reise  durch  Chile,  Peru, 
und  auf  dem  Amazon- Strome,  1827-32,  Berlin,  1835 ;  translated  in 
Hooker's  Companion  to  Bot.  Mag.,  1835,  ii,  161 ;  the  passage  re- 
garding coca  is  quoted  at  length  by  von  Bibra.  Tschudi,  Travels 
m  Peru,  ;  English  translation,  London,  1847,  447.  Arch. 

Smith,  M.D.,  Peru  as  It  is,  London,  1839,  ii,  162.  Meyen,  Reise 
um  die  Erde,  1835  ;  passage  quoted  by  von  Bibra.  Martins,  Reise 
in  Brasilien,  Beitrdge  zur  Erythroxylon.  Weddell,  Voyage  dans 
le  Nord  de  la  Bolivie,  Paris,  1853,  chap.  29 :  translated  in  Pharm. 
Journal,  xiv,  162,  213,  1854-55.  Scherzer,  Narrative  of  the  Novara 
Expedition  {Austrian),  1857-59,  London,  1863,  iii,  402-9.  Bates, 
The  Naturalist  on  the  Amazons,  London,  1863,  ii,  211-12.  Francis 
de  Castelnau,  Expedition  dans  rAminque  du  Sud,  etc.,  1843-47, 
Paris,  18.50-61,  iii,  349.  Markham,  Travels  in  Peru  and  India, 
London,  1862,  232-9.  Hill,  Travels  in  Peru  and  Mexico,  London, 
1860,  i,  261-4.  Orton,  The  Andes  and  the  Amazon,  New  York, 
1871,  291.  Von  Bibra,  Die  narkotischen  Genussmittel  und  der 
Mensch,  18.55,  151-74.  Trimen  and  Bentley,  Medicinal  Plants,  i, 
art.  40.  Johnston,  Chemistry  of  Common  Life;  revised  by  A.  H. 
Church,  Edinburgh,  1879,  367-73.  Fuentes,  Mimoire  sur  le  Coca 
du  Perou,  Paris,  1866.  pp.  26  (gives  older  lit.— Boerhaave,  Julian, 
Crespo,  del  Rio,  Ortega,  Schwalk).  Squibb,  Ephemeris,  ii  and  iii, 
1884-88.   Niemann,  Liebig's  Annalen,  114,  213,  1860. 

Physiology.—?.  Mantegazza,  Schmidt's  Jahrbiicher,  1859,  ii,  348. 
Rossier,  Echo  Medical,  1861,  No.  8.  Ploss,  Schmidt's  Jahrbiicher, 
cxx,  181,  1863  (Poisoning  with  24  grains;  recovery;  probably 
benzoylecgonine  R.  S.).  Fronmuller,  Klin.  Studien  ilber  Narkot 
Arznetmtttel,  89, 1869;  Prager  Vierteljahrsschr.,1863,'Bd.in.  Reis 
Bull.  g6n.  de  TMrap.,  1866.  Dowdeswell,  Lancet,  i,  631,  664, 1876* 
Leebody,  Bernard,  Brit.  Med.  Joubn.,  i,  750, 1876.  Fauvel  Qa'^ 
des  Hopitaux,  1877.  Charles,  Med.  Times  and  Gaz.,  ii,  165' 1882* 
Roller,  Lancet,  li,  990,  1884.  Beugnier-Corbeau,  Bull.  g6n.  de 
I h6rap.,  1884.  Konigstem,  Wiener  med.  Pre.sse,  Nos.  42  and  43, 1884. 
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llowp,  Lancet,  ii,  911,  1884.  Vulpian,  Compfes  Rend.,  xcix,  836, 
1884.  Grasset,  Comptes  Rend.,  xcix,  1122.  Freud,  Cbl.  f.  die  ge.<t. 
Therapie,  289,  1884.  Richard,  Comptes  Rend.,  c,  1409,  1885.  Ber- 
thold,  Cbl.  f.d.med.  Wiss.,  1885,  435,  625.  Beyer,  Amer.  Jour. 
Med.  Sci,  48,  1885.  Adduce  and  Mosso,  Cbl.  f.  die  nied.  H/iss., 
1886,  372.  Baldi,  Arch.  ital.  de  Biol,  xi,  70,  1889.  Laborde,  Lat- 
font,  Arloing,  Charpentier,  Bert,  Reynard,  Chouppe,  D6jerine,  and 
Richet  have  valuable  papers  in  the  Comptes  Rend,  de  la  i>oc.  de 
Bioloqie  (Paris)  from  1884-89.  Demarle,  Essai  sur  le  Coca  du 
P/irou,  These  de  Paris,  1862.  Lippmann,  Thbse  de  Strasbourg, 
1868.  Kruger,  Cocain  und  seine  Ersatzmittel,  Wirkung  auf 
Gefdsse.;  Inaug.  Diss.,  1885.  Gohde,  Amvendung  in  d.  inneren  Med. 
Inaug.  Diss.,  i885. 


